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Gudebrod OFFER 


sutures 


sz A Complete Line of Silk or 
Cotton Sutures 


matic® Needle, sterile, in dry 


Dri-Pak® sutures with Mintrau- 
envelopes. 


Ww The Most Convenient and 
Most Modern Packaging 


Dri-Pak® sutures, silk or cotton, 
sterile, in tubes. 


Add to these the full 
Gudebrod line of sterile 
and non-sterile sutures— 


plus Gudebrod specialties 


—and every operating 
room need for non-absorb- 


able sutures is fulfilled. 


® 
Dri-Pak® sutures, 
cut lengths or ligature reels, sterile, 
on reels, in dry envelopes. 


kg Superior Handling Qualities 
for the Surgeon 


ak Simpler Procedures for the 
Operating Room Supervisor 


sutures, on Rubber tubes or spools, 
non-sterile. 


: Champion Silk sutures or Cotton 


Gudebrod sros. SILK CO., INC. 


Surgical Division: 225 West Executive Offices: 12 South 
34th St., New York 1, N. Y. ° 12th St., Philadelphia 7, Pa. 


CHICAGO BOSTON LOS ANGELES 
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BUCY- 
FRAZIER 


Completely insulated except at tip, this 
is a modified Frazier suction cannula 
with a Luer-Lok terminal connection 
and a connecting cord fitted with a 
Bovie plug. The cannula is completely 
insulated with a special neoprene coat- 
ing for combined coagulation and suc- 
tion. 


MUELLER EG. 


Gg SSO South Honore Street 
Chicago 12, Illinois 


Coagulating SUCTION CANNULA 


THREE STANDARD SIZES: 
NL-1750 


NL-1751 

NL-1752 


Instrument Makers to the Profession 
Since 1895 


Dallas ® Houston ® Los Angeles ® Rochester, Minn. 


SPINAL CORD COMPRESSION 


Mechanism of Paralysis and Treatment 
By I. M. TARLOV, M.D. 


Professor of Neurology and Neurosurgery, New York Medical College, New York, New York 


A SIMPLE PROGRAM 
. for the treatment of patients suffering 
from spinal compression syndromes due to 
vertebral injuries and other lesions. For 
the first time such a program can be 
based on controlled animal experiments 
and supported by careful studies in man. 


A GUIDE FOR GENERAL 
PRACTITIONERS 
. to the on-the-scene-of-accident manage- 
ment of patients suffering from spinal cord 
injuries. 


AN UNMASKING FOR 
NEUROLOGISTS 
. of spinal cord tumors masquerading as 
amyotrophic lateral sclerosis and postero- 
lateral sclerosis. Proof that position sense 
and motor pathways are more vulnerable 
to compression than pain fibers. 


164 pages 


88 illustrations 


AN ANSWER FOR NEURO- 
SURGEONS, ORTHOPEDISTS 

. to the question whether and when to op- 
erate on patients suffering from traumatic 
spinal cord lesions. Based on both exper- 
imental and clinical evidence. 


NEW HOPE FOR INTERNISTS 
Who will learn that total sensorimotor 
paralysis caused by spinal neoplasms— 
even malignant metastatic neoplasms— 
may sometimes be reversed by early lamin- 
ectomy and tumor removal, the ability to 
walk fully restored. 


A FRESH INSIGHT FOR 
NEUROPHYSIOLOGISTS, 
NEUROPATHOLOGISTS 
. into the mechanism of spinal compres- 
sion paralysis. Derived from basic electro- 
physiologic and histologic study by the 
author and his co-workers. 


Cloth, $7.50 
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N-196 CRANIOPLASTIC KIT 
Contains 3 packets of powder 
(sterile), 3 ampules of liquid 
(sterile) and 3 matrix bags which is 
sufficient material for the repair of 
three ordinary cranial defects. 


N-197 SPENCE 
CRANIOPLASTIC 
ROLLER 


A stainless steel roller 
which is of great help 
in rolling the plastic 
mass to the desired 
thickness before fitting 
to the cranial defect. 


N-198 CARBORUNDUM WHEEL 


Used with bone saw or drill to 
bevel edges and smooth rough 
spots. Can be autoclaved. 


RESINOUS 
MATERIAL 


FOR 
REPAIRING 
CRANIAL 
DEFECTS 


A method of rapidly repairing 
cranial defects using a resin 
material containing Methyl- 
methacrylate which is molded 
into the cranial defect at the 
time of the original operation. 
This highly refined plastic has 
been used since 1947 and to 
date it has not been necessary 


to remove a single plate. 


Ref.: Spence, William T.: Form Fitting Plastic Cranioplasty. 
Journal of Neurosurgery. May, 1954. 
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NUDELL’Ss OSTEOTOME 


a safe, new motor-driven instrument designed 
to save operating time 


Now, with this new osteotome, the neurosurgeon can save time and 
considerable effort. Only one starting hole is usually required because 
an area as small as a 2-inch circle can be quickly and easily cut in the 
cranium, It is only necessary to guide the instrument; very little pressure 
is required, 


The rotary drill cutter is preceded by a specially designed lift to separate 
and protect the dura. A flanged support, which rests on top of the skull, 
prevents plunging. 


Nudell’s motor-driven osteotome is chrome-plated and may be auto- 
claved. Supplied with motor, flexible shaft and foot control rheostat. 


New... improved 
VENTRICULAR DECOMPRESSION VALVE 


Suggested wherever relief of increased intraventricular pressure is in- 
dicated, and especially for the reduction of intracranial pressure in 
hydrocephalic individuals. One-way flow—made in stainless steel for 
dimensional stability—shown in actual size. 


Write for literature on Nudell Products designed for Neurosurgeons 


UZA NUDELL 


125 WEST 45th STREET © NEW YORK 36, N.Y. 


MENTAL HE ALTH By JACK R. EWALT, M.D. 


Commissioner, Massachusetts Department 
ADMINISTRATION of Mental Health, Clinical Professor of 
Psychiatry, Harvard Medical School, 


husett. 
WHAT THIS BOOK DOES: It sketches 


briefly the ingredients of a mental 
health program. It illustrates the prob- 
lems in administration by using fairly 
DETAILED EXAMPLES of how one 


goes about, for example 


making budgets After reading this book a person should have 
staffing a hospital a concept of the scope of the problem of 
determining food needs administration, its basic goals and the rudi- 


assigning roles of various pro- ments of setting up and operating a mental 
fessional groups in a program 


WRITTEN FOR professional persons 


such as physicians, social workers, psy- 180 pages Sent on approval, $5.50 
chologists or others who find them- 

selves either directly responsible for 

administering some type of mental CHARLES C THOMAS « PUBLISHER 
health program or more commonly 

— to the board of a hospital or Springfield ¢ Illinois 

clinic. 
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For the Neurosurgeon 


the TURNING FRAME 


... provides an excellent method 
of immobilization in treatment of 
cord injuries. 


Differ SURGICAL AND HOSPITAL EQUIPMENT 


420 ALCOTT STREET . KALAMAZOO, MICHIGAN 


Distributed in Canada by: Fisher & Burpe, Ltd., Winnipeg Exclusive Agent for Export: Schueler & Co., 75 Cliff St., N. Y. 
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An Authorized Binding 


for 
JOURNAL OF 
NEUROSURGERY 


Arrangements have been made for subscribers 
to have their journals bound into distinctively 
designed books. 


Six issues (bi-monthly) bound by the year, in 
best grade cocoa washable buckram, imprinted 
with your name on cover, cost but $3.95 per 
volume. 


Bound journals serve as an immediate refer- 
ence for research and information. Properly 
displayed, they create a psychological impact 
on the patient, implying the time and effort 
spent to keep up-to-date on the most modern 
techniques and treatment. 


Ship journals parcel post. Within thirty days 
after receipt, bound volumes will be shipped 
prepaid anywhere in the U.S.A, Full remit- 
tance must accompany order. 


PUBLISHERS’ AUTHORIZED 
BINDERY SERVICE 
(Binders of all Journals) 
5811 W. Division Street, Chicago 51, Illinois 


FUNDAMENTALS OF 
CLINICAL 
NEUROPHYSIOLOGY 


After a brief general introduction to 
the subject, the author proceeds to an 
EXPOSITION OF THE MECHA- 
NISMS underlying the ability of the 
nervous system to conduct more or less 
rapidly the nerve impulses or signals 
which constitutes its primary specialized 
function, the laws governing their initi- 
ation by electrical means, and _ the 
electrical and physiological characteris- 


tics of the nerve impulses themselves. 


GENERAL AND SPECIFIC CON- 
SIDERATION OF THE PROPER- 
TIES OF THE VARIOUS 
RECEPTOR ORGANS IN WHICH 
THE SIGNALS ORIGINATE 


By PAUL O. CHATFIELD, M.D. 


Chief, Section of Clinical Neurophysiology 

National Institute of Neurological Diseases 

and Blindness, National Institutes of 
Health 


Many of the data presented herein are un- 
available except by recourse to the original 
papers on the various subjects treated. 


384 pages 225 illustrations 


Sent on approval, $8.50 
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This is a posterior oblique 
radiograph of the chest, 
made in the erect position 
following the injection of 
20 ce of Mulsopaque Con- 
trast Medium through the 
drainage tube into an 
empyema cavity, the re- 
sult of a gunshot wound. 


““MULSOPAQUE” is the registered trademark under which all leading x-ray dealers 
supply an emulsion of ethyl iodophenylundecylate prepared by Lafayette Pharmacal 
Company to provide good adhesion to mucosa, low viscosity, low surface tension, 
miscibility with tissue fluids, and good radiopacity. The compound is synthesized by 
the Research Laboratories of Eastman Kodak Company. The trademark serves to in- 
dicate to the radiologist continuity of experience in the manufacture of this radio- 
graphic contrast medium. 
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Antibiotica et Chemotherapia 


Advances 
Edited by 


H. BLOCH, Pittsburgh O. GSELL, Basel E. LANGER, Berlin 
VOL. 1 X +378 p., 113 fig., 1954. US $12.50 
VOL. 2 VI + 300 p., 21 fig., 1955. US $9.60 
VOL. 3 VIII + 398 p., 45 fig., 1956. US $13.45 


VOL. 4 will appear in September 1957. Please write 
for a detailed prospectus of that volume. 


From the Contents of Volumes 1-3 
H. SELYE, Montreal: The Stress-Concept as it Presents Itself in 1956. 


W. P. LONGMIRE, Jr., and S. W. SMITH, Los Angeles, Calif.: The Surgical Use of 
Presently Available Antibiotics. 


R. L. MAYER and P. C. EISMAN, Summit, N.J.: Ch therapeutic Relationships be- 
tween Fungi and Mycobacteria. 


P. KALLOS und L. KALLOS-DEFFNER, Halsingborg: Allergie und Antibiotica. 

P. RENTCHNICK, Genéve: L’évolution clinique et thérapeutique des staphylococcies. 

S. HELANDER, Stockholm: Sulfonamide Combinations. 

E. ROSSI, Ziirich: Antibiotica in der Padiatrie. 

P. RENTCHNICK, Genéve: Les accidents provoqués par les antibiotiques. 

T. WEGMANN, Ziirich: Pilzerkrankungen der inneren Organe als Folge von Be- 
handlung mit Antibiotica, unter besonderer Beriicksichtigung des Respira- 


tionstraktes. 


H. BARTELHEIMER und W. ENGERT, Berlin: Die Behandlung der Endocarditis 


lenta mit Antibiotica. 
V. PIRILA, Helsinki: Cutaneous and Serologic Tests in Allergy to Antibiotics. 


H. BEERMAN and J. EDEIKEN, Philadelphia: The Penicillin Treatment of Cardio- 
vascular Syphilis. 


M. WELSCH, Liége: La résistance bactérienne aux antibiotiques. Aspects biologiques. 


O. GSELL, Basel: Klinische Probleme der Antibiotica-Therapie. 
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Tissue and Dressing FORCEPS on spring Handle 


#G6-1956 

is recommended 
for holding 

the dentate 
ligament 

in 


cordotomies. 


For Plastic, Thoracic, or Neurosurgery 


Six forceps of improved design to obtain a better functioning 
spring handle forceps, which can be held far back on the 
handle but obtains a firmer grip at the distal end, as there is 
greatly increased leverage. 


All the forceps have crossed branches, they permit a delicate 
but firm grasp. 


The crossed branches necessitate less space for manipula- 
tion. 


The fulcrum near the tip prevents overriding of jaws. The 
lock on #G-1950, #G-1956 and +G-1962 is released by 
applying additional pressure, which does not cause move- 
ment at the tip. 


G-1950 Forceps, Tissue, G-1962 Forceps, Tissue, 
Cross Action: Cross Action: 
1 X 2 teeth, 9”, with BROWN 
$21.50 type jaws, 2 rows 
. fi teeth, 9”, wit 
G-1952 Forceps, Tissue, 22.75 
Cross Action: — G-1964 Forceps, Tissue, 
1 X 2 teeth, 9”, Cross Action: 
without lock ....... 17.50 BROWN 
° me i > f 
G-1956 Forceps, Dressing, type jaws, 2 rows 0 
Cross Action: 9”, with- 
serrated jaws, 9", OUT IOCK 
with lock 21.50 


G-1958 Forceps, Dressing, 
Cross Action: 
serrated jaws, 9”, 
without lock ....... 17.50 


STORZ INSTRUMENT CO., 4570 Audubon Avenue, St. Louis 10, Missouri 
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Official Organ—The American Roentgen 
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Society. Edited by Lawrence Reynolds. 
Price a year: United States, U. S. Posses- 
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Official Journal—The Endocrine Society. 
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Official Journal—The Endocrine Society. 
Edited by Roy O. Greep. Price a year: 
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American Union and Spain, $15.00; Can- 
ada, $15.50; other foreign countries, $16.00. 
Monthly. 


Neurosurgery 
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Official Journal—The Harvey Cushing So- 
ciety. Edited by Louise Eisenhardt. Price 
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$12.00 Bi-monthly. 
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UNIVERSAL 
AUTOMATIC 
SERIOGRAPE 


@ Twelve individual casettes, each with its &! Portable. Simple installation. No modi- 
own set of screens, for versatile serial fication of your X-Ray equipment required. 


angiography. @ Standard 11 x 14 (or 10 x 12) cut film 
@ Vertical or horizontal operation. and standard film developing procedure. 
the An 8-page brochure on the Model 110 will be sent to you by return mail, if you will write: 
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SPINAL CORD 
COMPRESSION 


Mechanism of Paralysis 
and Treatment 


By I. M. TARLOV, M.D. 


Professor of Neurology and Neurosurgery 


New York Medical College, New Y ork City 


A SIMPLE PROGRAM for the treatment of patients suffering from spinal compres- 
sion syndromes due to vertebral injuries and other lesions. For the first time such 
a program can be based on controlled animal experiments and supported by careful 
studies in man. 


AN ANSWER FOR NEUROSURGEONS and ORTHOPEDISTS to the question 
whether and when to operate on patients suffering from traumatic spinal cord 
lesions. Based on both experimental and clinical evidence. 


AN UNMASKING FOR NEUROLOGISTS of spinal cord tumors masquerading 
as amyotrophic lateral sclerosis and postero-lateral sclerosis. Proof that position 
sense and motor pathways are more vulnerable to compression than pain fibers. 


A FRESH INSIGHT FOR NEUROPHYSIOLOGISTS and NEUROPATHOLO- 
GISTS into the mechanism of spinal compression paralysis. Derived from basic electro- 
physiologic and histologic study by the author and his co-workers. 


A GUIDE FOR GENERAL PRACTITIONERS to the on-the-scene-of-accident 


management of patients suffering from spinal cord injuries. 


A USEFUL TOOL FOR RESEARCHERS who will find here a technique for pro- 


ducing spinal compression that should be applicable to other fields. 
Features: Special electrophysiological studies under the direction of Dr. Samuel Gelfan. 
164 pages 88 illustrations 
Sent on approval, $7.50 
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renosem 


SALICYLATE* 


(Brand of carbazochrome salicylate) 


The reports of numerous investigators have established the effectiveness of 
Adrenosem Salicylate in the control of bleeding. It has been used prophylactically 
and therapeutically in virtually every operative procedure. Following are some of the 
procedures and conditions where its usefulness has been demonstrated: 


Tonsillectomy, adenoidectomy and nasopharynx surgery ALSO: 

Idiopathi 
Prostatic, bladder and transurethral surgery arser — 
Excessive postpartum bleeding and uterine bleeding a 

i Hemoptysis 
Familial telangiectasia 
Plastic surgery Pulmonary bleeding 

Gastrointestinal bleeding menorrhagia 


*U.S. Pat. 2581850; 2506294 
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drenosem’ 


SALICYLATE 


One of the many uses of 


Adrenosem Salicylate is useful in every operative proce- 
dure where bleeding and oozing are problems. This hemostatic 
agent controls blood loss by maintaining normal capillary 
permeability and by promoting the retraction of severed 
capillary ends. 

One clinician states: “At the recommended dosage levels 
there are no contraindications. Patients treated for more than 
two years show no toxic effects attributable to the drug.” 


Adrenosem Salicylate is supplied in 


1. Riddle, A.C., Jt.: Adrenosem Ampuls 
Salicylate: A Systemic Hemostat, Tablets 

Oral Surg., Oral Med., Oral Path. 

6:617 (June, 1956). and as a Syrup 


Vaginal hysterectomy. 
Without Adrenosem. Note bloody field. 


Vaginal hysterectomy. 
With Adrenosem. Note dry field. 
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THE PLACE OF NEUROLOGICAL SURGERY IN THE 
UNDERGRADUATE CURRICULUM* 


LEO M. DAVIDOFF, M.D. 
Albert Einstein College of Medicine, New York, New York 


(Received for publication May 13, 1957 


T THE time when this Society was founded, 25 years ago, its standards 
were already so high that they seemed to aspire to the uncompromis- 
ing perfectionism that characterized the acts and deeds of Harvey 

Cushing himself throughout his lifetime. However, there were only 30 found- 
ing members of the Society, and in the early years the mantle of office fell 
more frequently on the few shoulders available to receive it. At the present 
time, with a membership of around 600 and the reputation of being the 
second oldest, and perhaps the most influential neurosurgical society in the 
world, it is a very great distinction indeed to be elected to be your President. 
I cannot fully express my gratitude to you for having so honored me. 

There is no magic in the number 25, and basically no more reason to 
celebrate the 25th anniversary of a wedding or the foundation of a society 
than the 24th or the 26th. But man has an attraction for round numbers, and 
the division of time into millennia and centuries somehow satisfies an urge for 
orderliness that our psychoanalytic confréres may be able to explain. How- 
ever, since none of us expects to survive a hundred years, we have accepted 
the common practice of dividing them into convenient fractions such as one 
half or one fourth. Thus we find ourselves today at a universally recognized 
milestone, our silver anniversary. Your Program Committee has taken 
cognizance of this by the beautiful cover design, and our dearly beloved 
Historian, Louise Eisenhardt, will undoubtedly review the achievements of 
the Society during its eventful existence, later on. What I should like to do, 
with perhaps only an occasional glance backward, is to evaluate the place of 
neurosurgery today as a teaching discipline to medical students. 

The problem of the place of neurosurgery in the undergraduate curric- 
ulum is simply symbolic of the same problem that confronts any of the sur- 
gical specialties, or indeed all the minor and even the major disciplines. Up 
to 15 or 20 years ago the development of a new specialty received recognition 
in medical schools by the establishment of a new department, the appoint- 
ment of a professor, and the allocation of a block of hours in the curriculum, 
which then appeared to have unlimited elasticity. 

The time has been reached, however, when the expanding body of know]l- 
edge can no longer be incorporated into our teaching by the simple device of 


* Presidential address, read at the Silver Anniversary Meeting of the Harvey Cushing Society, 
Detroit, Michigan, April 25, 1957. 
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stuffing more facts into the same skin. As Darley? put it: 


“Limitations upon the human intellectual capacity preclude the addition of much 
more curricular material without adding to the time now currently required and 
limitations upon the human span of usefulness make it unreasonable to cut further 
into one’s potential years of professional service.” 


The practical pedagogical problem, therefore, is as President Pusey? put it: 


“How effectively to handle increasing masses of information? And more difficult: 
How to achieve wholeness of understanding in the face of fantastic growth in the 
amount to be known?” 


The new approach is to give up the struggle to make each medical student 
into a specialist in every field of medical endeavor within the undergraduate 
span of four years. Rather, the effort is now made to help him build a solid 
foundation upon which he himself will erect the superstructure. This can be 
done by teaching him not so much the facts, as the way to acquire them; 
helping him to establish good habits of work; leading him to develop solid 
attitudes and proper understanding of professional and ethical principles. 

It is within this framework that I would like to develop my theme. 

About a year ago, in anticipation of setting up a teaching program ata 
new medical school, I circularized most of the members of this Society who 
were heads of neurosurgical divisions or departments at other schools for 
their opinions concerning the place of the neurosurgeon in the medical school 
faculty, and the place of neurosurgery in the undergraduate medical cur- 
riculum. I also asked each of you, to whom I wrote, whether the practical 
working-out of the existing program at your school meets your ideas com- 
pletely, or whether, if you could, you would change it to approach more 
closely your philosophical concept of teaching neurosurgery to under- 
graduates. In response to the latter, Bill Van Wagenen, with his usual 
caustic wit, reminded me of one definition of philosophy as: ““The refined, 
learnéd art of ignoring fact and going wrong with confidence.’’ Nevertheless, 
he and most of the others took the trouble to present me with not only the 
details of their own programs, but their very valuable reflections on what we 
are trying to accomplish and how far we are succeeding in connection with 
this problem. 

I have received replies from the following members: Eben Alexander, Jr.; 
Percival Bailey; E. Harry Botterell; Jefferson Browder; Paul C. Bucy; the 
late Eldridge Campbell; Loyal Davis; Arthur Ecker; Edgar Fincher; 
William J. German; Francis C. Grant; Robert Groff; Wallace B. Hamby; 
Thomas I. Hoen; Sir Geoffrey Jefferson; Edgar A. Kahn; Kenneth G. Mc- 
Kenzie; John M. Meredith; W. Jason Mixter; Howard C. Naffziger; Eric 
Oldberg; Herbert Olivecrona; Carl W. Rand; Theodore Rasmussen; 
Bronson S$. Ray; Frederick L. Reichert; Ernest Sachs; Michael Scott; R. 
Glen Spurling; Frank Turnbull; William P. Van Wagenen; A. Earl Walker; 
Arthur A. Ward, Jr.; James C. White; and Barnes Woodhall. This occasion 
presents me with an opportunity to thank each of you for the trouble you 
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took in replying. Thus, vou see that the credit for what follows is yours 
‘rather than mine. My function has really been only to report and correlate 
your individual opinions. 

It may at first sight be a far cry from grammar school to neurosurgery, 
but education is a continuing process, and the kind of neurosurgeons we are 
to become may be as dependent upon the inspirational qualities of our kin- 
dergarten teachers as upon the courses in neurosurgery in our medical 
schools. There can be no doubt that many a defect in professional com- 
petence may be traceable to faults in earlier education. Given the kind of 
material we have to work with, however, the undergraduate teacher, in the 
words of the late Sir Lionel Whitby: 


. should aim at producing an educated person grounded in principle and method, 
able to see what the whole of medicine stands for and means, trained to observe 
with his hands and his senses, encouraged to think logically and critically, in- 
structed in the use of instruments of measurement, and equipped with a basic knowl- 
edge upon which he will continue to build for the rest of his professional life.” 


The Council on Medical Education and Hospitals of the American 
Medical Association, in its 56th annual report! warns that: 


“The hope of presenting the entire subject satisfactorily in the usual course must be 
abandoned as an unnecessary and futile endeavor, because no individual can be 
expected to master all phases of medicine. Furthermore, many parts of the subject 
can not be taught by the faculty; they must be learned by the student through actual 
experience. It is an axiom that all true education is self-education. This immediately 
makes the student the unit of education, not the courses, the credit hours, or the 
faculty, and requires that the methods of instruction should be modified accord- 
ingly.” 


The object of teaching neurosurgery to undergraduates is, thus, not to 
make them neurosurgeons, but to contribute to the education of future 
doctors. The ideals and personality of the neurosurgical teacher are, there- 
fore, as important as the subject matter. 

This, in essence, is the gist of the opinions expressed by the majority of 
my correspondents. 


Paul Bucy stated: “The tendency in any specialty is to place too much emphasis 
on it and require too much time in that particular field. I would be perfectly happy to 
see undergraduate instruction in neurological surgery placed on an elective basis 
and have teaching confined to [case work on the wards with small groups of students]. 
Under such a system the students who are interested would certainly attend the 
rounds of the good teacher, and I am not at all sure that it is worth while to bother 
with the ones who are not interested or with the poor teacher.” 


Hamby, too, is skeptical of the value of neurosurgery as an under- 
graduate discipline. He wrote: 


“My personal concept of a neurosurgical teaching program is that its place is at 
the postgraduate level. The undergraduate is still at the stage of the physics major 
who has not yet finished calculus; exposure to atomic physics (at this stage) is 
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likely to be wasted, or to produce intellectual indigestion. I think we should be con- 
tent to have the undergraduate know that some neurological lesions are treatable 
surgically.” 


Sir Geoffrey Jefferson stated: “I am deeply convinced that undergraduates like 
surgical neurology and are benefited by it. How else can they learn what can 
be done for the patients for which they, before long, will be responsible, and nervous 
affections are so very common?” 

He went on to say, however: “I have assumed that students should be taught 
neuro-surgery, but what I really mean is the fundamentals to its uses. Taking time 
to give them technical details is absurd; it is a criticism against teaching that is hard 
to meet except by precept and example. If one assumes—and one should—that 
every medical student is going to be a practitioner in a small town one gets the best 
idea of what to teach, what the contents and substance of the teaching should be. 
The very best students, those that are not going into small towns but are going to 
be professors themselves, are not the real audience. It is nice to have them there but 
they teach themselves. I have said ‘You can’t teach anybody anything—they 
learn.’ ” 


McKenzie, too, has: “‘. . . always felt that undergraduate teaching in neuro- 
surgery is on the whole unsatisfactory.” “I am inclined to think,” he continued, 
“that too much time is given to it in most medical schools. . . .” 


Olivecrona wrote: ‘Personally I do not feel it necessary that the general prac- 
titioner should have an extensive training in neurosurgery, especially as there are so 
many more important subjects for him. We try to let students see what neurosurgery 
is doing, what type of cases should be referred to a neurosurgical center, but no de- 
tailed knowledge of neurosurgery is required.” 


This apparently does not apply to traumatic neurosurgery in Stockholm, 
where a separate period for it is set aside in the course in general surgery. 


Spurling declared in his letter: “My feeling has always been that nothing other 
than basic principles should be taught to undergraduates. For instance, we never 
try to teach them anything about the technical details of neurological surgery; we 
never give an operative clinic, nor do we talk very much about specific diseases.” 


Woodhall also stated: “One of our fundamental difficulties in the medical school 
is separating what we should teach to the undergraduate student and what we should 
teach to the post-graduate student; and there is little doubt that we try to do too 
much post-graduate teaching [in the undergraduate years].” 


Thus we see that there is general agreement that definitive training in 
neurological surgery should be confined to the postgraduate period, and that 
the undergraduate should be presented only with the broad basic principles 
underlying the subject. 

The next question, then, is how to accomplish this. Here, opinions ex- 
pressed in your letters are at considerable variance. This is quite understand- 
able, since the method of teaching varies from place to place and depends 
upon a number of local factors such, for example, as the quality of the medi- 
cal neurological teachers and their relation to the neurosurgeons; whether 
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neurosurgery is a division of surgery, a joint discipline with medical neurol- 
ogy, or completely independent; ete. 

A sampling of opinions from my correspondents makes this point quite 
clear: 


“At Bowman Gray,” wrote Eben Alexander, “‘the neurosurgical teaching is closely 
integrated with neurological teaching. Although the Section of Neurosurgery is 
rightly under the Department of Surgery from the administrative point of view, and 
although our technical work is performed in the operating room as surgeons, from 
the point of view of teaching and the care of patients on the wards as well as from 
the point of view of diagnostic methods, our closest association is with the neurol- 
ogists.” 

He went on to say: “In some ways the teaching of neurosurgery is analogous to 
the teaching of Latin and Greek of old days in our colleges. There is no concrete 
evidence that teaching in the present day without the classics is better than, or 
even as good as, it was in previous days. This may be because the discipline of some 
of the courses such as the classics are missing.” 


Bailey also declared: “It seems to me that neurosurgery is so thoroughly 
grounded in the intellectual discipline of neurology that it is impossible to present 
it apart from clinical neurology, except as a technique, and such technical details 
are not suitable for undergraduates.” 


Hamby wrote: “It does not matter whether good diagnosis is taught by neurol- 
ogists or by neurosurgeons, and I think we enhance the whole field by encouraging 
the neurologists to advance also. Of course we must go along with them and not 
allow ourselves to become merely their technicians, but with proper rapport be- 
tween the divisions, this is not a real danger.” 


Jefferson, whose letter was accompanied by a reprint of an address he 
gave before the ‘First World Conference on Medical Education” in London 
in 1953, emphasized two points of primary importance: 1, Teaching at the 
bedside, and 2, the enthusiasm and dedication of the teacher. Of the one he 
wrote: 


“The importance of bedside teaching can be tested by wondering what parts of 
the medical curriculum could be omitted without danger to the student’s education. 
Almost all, most of us would reply, but this.” And of the other he said: ‘““We never 
try to tell them the latest thing about anything without making it clear to them 
that this is exciting news and making them realize the logic of why it is exciting. I 
have so often said that, about teaching, the great thing is to be so simple and so 
logical that a cat could understand it! But I do think one needs to be excited about 
what one is teaching. I’ve said, again, that I think passion is the most important 
ingredient in a teacher, that and clarity.” 


McKenzie underscored this view when he wrote, a propos of lectures in 
neurosurgery : 


“T think the lecturer should try to put himself in the place of a family doctor 
possibly out in the country and then try and pass on information which would be 
helpful to him in placing a neurosurgical problem.” 
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Rasmussen said: “I am convinced that the medical student’s contact with a 
single neurosurgical patient constitutes the most efficient utilization of his time, and 
gives him a better insight into the way a neurological or neurosurgical problem 
should be approached, than he gets from several times that much exposure to a 
didactic lecture, or a clinical demonstration.” 


Michael Scott epitomized it: “Our objective for the student has been: 1. Not to 
confuse him with minutia. 2. To stress a systematic neurological examination as 
part of his medical equipment. 3. To show him how diagnostic procedures such as 
myelography, encephalography, ventriculography, angiography, and electro- 
encephalography can help in diagnosis.” 


Turnbull, however, sounded a note of warning when he said: “I think we need to 
stress the neurosurgeon’s viewpoint in examination which carries with it the 
responsibility for definitive treatment as opposed to the rather academic viewpoint 
that sometimes is apparent in neurological examination by a medical neurologist.” 


Walker, too, felt: “At the present time, with the dichotomy in teaching, there is 
considerable confusion in the minds of many students regarding what appear to 
them to be entirely different concepts between neurology and neurosurgery. Some 
of this confusion is caused by different emphasis by the teaching in the Departments 
of Medicine and Surgery, and could be cleared up by a certain amount of integra- 
tion. On the other hand, there are rational and natural differences of opinion because 
of the difference in the approach of the neurologist and the neurosurgeon. Combined 
teaching, however, would clarify these differences and not leave the poor students 
in the middle struggling between the dogmatic and sometimes diametrically opposed 
statements of their instructors.” 


Concerning how much we would hope the students will retain from our 
course in neurosurgery, there is again considerable agreement. 


Ward stated it as follows: ““What Tam basically trying to do is teach the students 
how to recognize disease of the nervous system, how to handle, at least in a prelimi- 
nary fashion, such fairly common problems as head injury, epilepsy, headache and 
similar entities. They should have a pretty good concept of what the field of neuro- 
surgery is all about and some concept of the technical difficulties that a neuro- 
surgeon faces and something about the results that can be achieved.” 


White also wrote: “IT would like to be able to have every man who comes through 
here know how to deal with an acute cranio-cerebral or spinal injury because he may 
well be called upon to take over after a roadway accident even if he is a dermatologist 
or a psychiatrist. They should also, regardless of whether they become surgeons or 
medicos, know the fundamentals concerning brain tumors, aneurysms, and other 
lesions of that sort which can masquerade in the guise of so many other medical 
conditions. The medical student’s life, however, is too short to do this and I doubt if 
any school has the perfect solution.” 


When I first began to tally your replies, I thought that IT would make a 
chart of the number of hours devoted to teaching our subject; in what vears 
of the medical school it is being taught; and how much didactic as opposed 
to case demonstrations and bedside teaching, or “learning,” as Jefferson 
prefers, is customary. I found the variations in this respect so great that it 
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soon was evident that such a tabulation would be meaningless, and it was 
abandoned. 

However, after studying the reports of your valuable experiences and 
extracting from them what appeared to me to be the essence, I have worked 
out a tentative plan which I should like to present to you, based on your 
ideas plus my own preferences, and the particular conditions prevailing at 
our school. 

First I should say that at the Albert Einstein College of Medicine the 
division of neurosurgery is part of the larger Department of Surgery, and 
quite fortuitously the head of the division of neurosurgery is also the Chair- 
man of the Department of Surgery. We also have a very strong division of 
neurology, but this is in the Department of Medicine. Fortunately we are 
able to work harmoniously together in the clinic and the laboratories, and at 
the bedside. Thus the divisions of neurosurgery and neurology are able to 
function in a very special way as integrating forces between the Departments 
of Medicine and Surgery. 

Our first contact with students is in the first year, during their courses 
in anatomy, physiology, and biochemistry, when clinical teachers in various 
branches are called upon to participate in a weekly exercise called ‘Clinical 
Correlation of the Basic Sciences.”” This continues through the second year 
as well, during the courses in pathology, microbiology, and pharmacology. 

Beginning in the second quarter of the second year we have organized a 
course under the direction of the Professor of Medicine, called ‘Clinical 
Methodology.”’ This includes instruction in history-taking, physical diagno- 
sis, clinical pathology, and ward procedures demonstrating various tech- 
niques from bed-baths, catheterization of the urinary bladder, enemata, ete., 
to lumbar puncture. A wide participation by the faculty occurs in this 
course. Thus, for example, an internist will teach the student how to do a 
general physical examination, but an ophthalmologist will show him how, 
with specialized knowledge and special techniques, additional data may be 
obtained concerning the eyes. As far as the nervous system is concerned, the 
neurologists and the neurosurgeons share the responsibility of presenting 
him with its special problems. The student is not expected, as a result of this, 
to become a specialist in the diagnosis of diseases of the nervous system, 
but at least, when later in his career he hears of some esoteric procedure like 
sinusography of the superior longitudinal sinus he will be able to say to him- 
self: “Where have I seen that face before?” 

Beyond the second year our plans are tentative, since our first class of 
students has not reached the stage of clinical instruction. We expect to give 
no separate courses in surgery and the surgical specialties, such as neuro- 
surgery, head and neck surgery, plastic surgery, thoracic surgery, urology, 
orthopedics, ete. The students in the third and fourth years will take a 
course in “surgery” consisting of clerkships in the In- and Out-Patient 
Departments of the hospital, during which they will be assigned cases which 
may have special problems in any of the above fields. The supervision of 
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the student in working-up a given case will come from a member of the 
surgical faculty who is a specialist in the particular field in which that pa- 
tient’s problems lie. Running through the third and fourth years there will be 
a weekly one-hour whole-class demonstration of some surgical problems in- 
cluding, of course, neurosurgical ones which we hope will serve as a chain 
to link into a total picture the experiences acquired through more personal 
contact with individual patients during the clerkships. 

We expect to make our reading list accompanying the course quite 
eclectic and not necessarily exhaustive, but we do hope to stress the impor- 
tance of reading original descriptions of disease whenever possible. 

Let me illustrate the rationale for this kind of emphasis: In a charming 
little essay on “Classics of Medicine,” the late Henry Sigerist' contrasts 
the description of the parathyroid glands in Gray’s Anatomy—an excellent 
book by any standard—with the original description of these bodies by Ivar 
Sandstrém of Upsala. 

In Gray’s Anatomy the parathyroid glands are defined as: ‘small brownish-red 
bodies, situated as a rule between the posterior borders of the lateral lobes of the 
thyroid gland and its capsule. They differ from it in structure, being composed of 
masses of cells arranged in a more or less columnar fashion with numerous inter- 
vening capillaries... .” 

In Sandstrém’s classical paper of 1880 he wrote: “About three vears ago I found 
on the thyroid gland of a dog a small organ, hardly as big as a hemp seed, which was 
enclosed in the same connective tissue capsule as the thyroid, but could be distin- 
guished therefrom by a lighter color. A superficial examination revealed an organ of 
a totally different structure from that of the thyroid and with a very rich vascular- 


How easy it is to forget the anatomical description, and how vivid and 
unforgettable is the original report, I leave to each of vou to judge. 

This, then, is the summation of our combined thinking. Medical educa- 
tion has reached an impasse whereby the furiously rapid accumulation of 
knowledge and the limitation of time has made it impossible to include every 
specialized field of medical endeavor into the undergraduate teaching pro- 
gram, without replacing more basic material from the curriculum. Neuro- 
surgery is among these specialties. The teaching of neurosurgery in its 
detailed aspects should, therefore, be consigned to teaching postdoctoral 
students who are planning careers as specialists in this or related fields. Dur- 
ing the undergraduate vears the neurosurgeon can and should participate in 
teaching, together with his neurological and surgical colleagues. by bringing 
before the students a knowledge of the form and function of the nervous 
system; something about the diseases to which it is susceptible; and a bowing 
acquaintance with the availability and effectiveness of neurosurgery in the 
sase of some of these conditions. Neither the future general practitioner, nor 
the potential specialist, on the day when he receives the right to call himself 
a “Doctor of Medicine,” can hope for competence in diagnosing or treating 
surgically even the less complicated neurosurgical ailments. He should look 
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upon his diploma as a special permit to enter into the great, awe-inspiring, 

discovered world of the science and art of medicine, with its many still un- 

charted regions. Let us hope that by precept and example we may be worthy 

to be his guide! 
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NEUROFIBROMAS OF THE FIFTH CRANIAL NERVE* 


IGNACIO OLIVE, M.D., ann HENDRIK J. SVIEN, M.D. 
Section of Neurologic Surgery, Mayo Clinic and Mayo Foundation,t 
Rochester, Minnesota 


(Received for publication January 14, 1957) 


EFFERSON, in a recent review of the literature and report of his own 
cases, analyzed 32 instances of trigeminal neurofibromas. Baker and 
Bailey, Cushing and Eisenhardt, Gonzalez Revilla, Loew and Ténnis, 
and Davidoff and Epstein also have reported another 11 cases, so that the 
total number thus far reported is 43.1~19.2!-24.26—2s 
PRESENT STUDY 

In this communication we are reviewing 13 cases in which solitary neuro- 
fibromas (neurilemmomas) of the fifth cranial nerve were encountered at the 
Mayo Clinic. We have excluded all cases of von Recklinghausen’s disease. 

For purposes of this study, the cases were divided into three groups 
morphologically, according to whether the lesions arose mainly in the middle 
cranial fossa, subtentorially in the posterior fossa, or in both situations in 
more or less equal extent. However, some of the tumors that presented in 
either the middle or posterior fossa also had extended slightly into the other 
fossa. 

Jefferson found that in the $2 cases he reviewed, 15 lesions were mainly 
or entirely tumors of the middle fossa, 11 were situated in the posterior fossa 
and 6 were tumors of both the middle and posterior fossas. In our series, 6 
lesions were restricted primarily, if not entirely, to the middle fossa, 4 were 
essentially limited to the posterior fossa and 3 were both supratentorial 
and infratentorial. 

We found that very often it is difficult to make an early diagnosis of this 
kind of tumor. In our series, some change in the cutaneous sensibility of the 
face constituted an early finding in only 6 instances, and in 2 patients symp- 
toms and signs of involvement of the fifth nerve were absent. In only 4 
cases was pain present in the distribution of the fifth nerve, and this pain 
was not tic-like, although it was periodic in one instance. In another case 
the pain extended from the region of the ear into the paratracheal and in- 
ferior mandibular region and it was also periodic. 

* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 

Based in part on a thesis submitted by Dr. Olive to the Faculty of the Graduate School of the 
University of Minnesota in partial fulfillment of the requirements for the degree of Master of Science in 
Neurosurgery. The pathologic material has been reviewed by Dr. J. W. Kernohan, Section of Pathologic 
Anatomy, Mayo Clinic. 


¢ The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the University 
of Minnesota. 
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We found (Fig. 1) that the tumor occurred most frequently in the fourth 
decade (6 patients), next in the fifth decade (4 patients), less frequently in 
the third (2 patients) and in the sixth decade (1 patient). 
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Fic. 1. Distribution of trigeminal neurofibromas according to age of patients. 


SUPRATENTORIAL TUMORS 
Case 1.—A white married woman 45 years old registered at the clinic in 1939, 
complaining of progressive left exophthalmos during the preceding 4 years. During 
this interval she had noticed, in the back of the neck, pain which occasionally would 
awaken her at night. This pain frequently would be present when she awoke, and 
would disappear after she was up and around. 

Ophthalmologic examination revealed exophthalmos of 7 mm. on the left side. 
Results of neurologic examination were negative. Roentgenograms of the skull 
showed enlargement of the sella turcica, with erosion of the floor and the posterior 
clinoids. The visual fields appeared to be normal. A diagnosis of unilateral exoph- 
thalmos of undetermined origin was made. Roentgen therapy was advised and 
accepted. It was administered to the pituitary and retro-orbital region. 

Three months later the patient returned. She said that since the last visit she had 
experienced repeated vomiting, pain in the left eye, blurred vision and some disturb- 
ance of memory. Ophthalmologic examination revealed slight pallor of the left optic 
disk and bitemporal upper quadrantic contraction in the visual fields. New roent- 
genograms of the skull were made; they disclosed an increase in the erosion of the 
posterior clinoids over the erosion that had been noticed at the previous examination. 
A diagnosis of a chiasmal lesion was entertained. 

On April 13, 1939, left transfrontal craniotomy was carried out. An extrasellar 
mass was present anterior to the optic chiasm. Biopsy proved this to be a neuro- 
fibroma (neurilemmoma). Intracapsular removal was carried out and most of the 
capsule was removed. The tumor did not appear to invade the orbit. 

The patient had a stormy postoperative course and died on the 6th postoperative 
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Fic. 2. Case 1. Tumor occupying the left side of the middle fossa. Notice relationship to the 
petrous apex. Specimen obtained at necropsy. 


Fic. 3. Case 1. Compression and deformity of the brain produced by the trigeminal neurofibroma. } 
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day. At necropsy a tumor was found to occupy the left middle fossa. The tumor was 
6 by 3.5 by 3.5 cm., and on microscopic examination proved to be a neurofibroma. A 
nodule of the tumor compressed but did not invade the pituitary gland, and the 
lesion was found to enter the left retrobulbar area. The tumor arose from the tri- 
geminal nerve in the middle cranial fossa (Figs. 2, 3 and 4). 


Fie. 4. Case 1. Left trigeminal neurofibroma (neurilemmoma). Note the typical 
pattern (hematoxylin and eosin, X60). 


Case 2.—A white man 21 years old registered at the clinic on Nov. 6, 1953. He 
said that in the latter part of 1949 he had first noticed some transient numbness in 
the right cheek. In the early part of 1951 the left side of the face had become numb, 
and he had first noticed a throbbing headache in the occiput. This headache ex- 
tended forward over the left side of the face, and was aggravated by exertion, stoop- 
ing and coughing. In September, 1953, he had first noticed that dizziness resulted if 
he changed his position rapidly. This was more marked when he was turning to the 
left side. In October, 1953, he had first noticed the onset of tinnitus in the region 
of the left ear. 

Neurologic examination revealed marked hypesthesia and hypalgesia in the 
distribution of the left trigeminal nerve. The corneal reflex was absent; marked weak- 
ness of the masseter, pterygoid and temporal muscles on the left was noted. There 
was also moderate diminution of taste on the left side of the tongue. Ophthalmologic 
examination disclosed slight weakness of the left external rectus muscle. The ocular 
fundi and the visual fields were normal. Moderate hypoactivity of the left labyrinth 
was found. Hearing was within normal limits. Roentgenograms of the skull revealed 
the left anterior clinoid process to be decalcified from below and elevated, together 
with a sharp area of decalcification at the tip of the left petrous apex. A diagnosis 
of tumor of the left side of the middle fossa was made. 

On Nov. 24, 1953, a left carotid angiogram was made. The left internal carotid 
artery was elevated and displaced medially. On Nov. 25, left  transtemporal 
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craniectomy was carried out. The dura mater of the floor of the middle fossa was 
elevated and the gasserian ganglion was exposed. This structure was found to be 
displaced laterally by a mass which was present behind. The ganglion was incised 
and a round, reddish-brown tumor, 1.5 cm. in diameter, was noted. This tumor was 
removed as completely as possible. Neurologic examination postoperatively re- 
vealed complete motor and sensory loss of the 5th nerve. 

The patient returned on Sept. 8, 1954, because of left occipital headaches of 2 
weeks’ duration. Results of neurologic examination were unchanged from those 
previously noted, except for the presence of a vestibulocerebellar type of nystagmus 
on gaze to the left. Hearing was normal bilaterally. Roentgenograms of the skull 
revealed no change from those previously noted. Observation for 2 months was 
advised. 

The patient returned on Dec. 1, 1954, complaining of progressive loss of vision in 
the left eve during the previous 4 weeks, with slight inco-ordination of the left hand, 
and headaches as before. Neurologic examination revealed nystagmus, with complete 
motor and sensory loss of the 5th nerve. The ocular fundi were normal. Examination 
of the visual fields revealed a dense central scotoma of the left eve, breaking through 
to the inferior nasal quadrant, indicating a prechiasmal lesion of the left optic 
nerve. Roentgenologic examination of the optic canals and skull disclosed marked 
enlargement of the left optic canal, and increased decalcification at the tip of the 
left petrous pyramid. 

On Dec. 7, 1954, ventriculography was carried out, but satisfactory filling of the 
ventricles was not obtained. The ventricular fluid contained 400 mg. of protein per 
100 ce. Left transfrontal craniotomy was carried out on the same day, and it was 
found that the left carotid artery was displacing the optic nerve against the foramen. 
The optic nerve was decompressed. 

The patient returned on April 15, 1955. The left eye at this time was completely 
blind. Four days before admission the patient had experienced a sudden severe occip- 
ital headache and tinnitusin both ears more marked on the left side. Ventriculog- 
raphy was repeated on April 19. The ventricular system had shifted to the right 
indicating the presence of an expanding mass beneath the anterior and temporal 
horns on the left side. On the same day left transtemporal craniectomy was carried 
out. Along the floor of the middle fossa a large neurofibroma (neurilemmoma) was 
found extending anteriorly into the region of the chiasm and posteriorly to involve 
the tip of the petrous process. Radical intracapsular enucleation was done, and as 
much of the capsule as possible was removed. That portion of the tumor that was 
removed was about 4 em. in diameter. 

Postoperatively, the patient had an uneventful convalescence. He was treated with 
emanations from a cobalt bomb. When he was last heard from on June 25, 1955, he 
appeared to be getting along very satisfactorily. 


Case 3.—A white married woman 31 years old registered at this clinic on April 1, 
1955. Three months previously, she had undergone extraction of four upper teeth, 
and dentures had been fitted. This dental work required about a month. Two weeks 
after the plates were in place, the patient first noticed numbness around the right 
cheek and along the right side of the nose. One week before her registration at the 
clinic, a dull, aching pain localized around the right eye was first noticed. This 
pain would come on suddenly and would persist for about 5 minutes, and it was re- 
lieved by rest and hot packs. During the 3 days prior to her registration, the patient 
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noticed some blurring in the right eve when she looked at distant objects and par- 
ticularly when she looked to the right. 

Neurologic examination revealed total anesthesia and analgesia over the Ist 
branch of the right trigeminal nerve, and moderate hypesthesia and hypalgesia over 
the 2nd and 8rd divisions. The corneal reflex was absent. The pterygoid, masseter 
and temporal muscles on the right side were noticeably weak, and there appeared to 
be some degree of atrophy of these muscles. Ophthalmologic examination revealed 
normal ocular fundi and visual fields. There was moderate weakness of the right 
lateral rectus muscle, with diplopia on gaze to the right. A small corneal ulcer was 
present in the right eve. Roentgenograms of the skull disclosed slight decalcification 
at the right foramen ovale. A diagnosis of a lesion of the right trigeminal nerve was 
made. 

On April 29, 1955, a right carotid angiogram was made. A slight elevation of the 
middle cerebral artery was demonstrated. On May 2, right transtemporal craniot- 
omy was carried out. While the dura mater was being reflected from the 3rd divi- 


Fic. 5. Case 3. Neurofibroma arising from the right gasserian ganglion in the middle fossa. 


sion of the trigeminal nerve and the inferior border of the gasserian ganglion, a 
bluish-yellow mass was noticed (Fig. 5). Additional exposure revealed the mass to 
be about 2 em. in diameter. A portion of the mass was cystic. The cystic area was 
opened, and about 1 cc. of dark, liquid blood escaped. Biopsy of tissue from the 
tumor proved it to be a neurofibroma. The tumor appeared to have its origin from 
the gasserian ganglion. It extended backward along the posterior root for a short 
distance. All the tumor that could be visualized was removed. It was necessary to 
sacrifice both motor and sensory branches in order to effect as complete removal as 
possible of this tumor. Postoperative convalescence was uneventful. Subsequent 
neurologic examination showed complete right trigeminal motor and sensory deficits. 
There was some abatement of the lateral rectus palsy. 

The rapid onset and progression of the symptoms in this case suggested meta- 
static involvement of the gasserian ganglion. However, the rapid onset and progres- 
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sion undoubtedly were explained by hemorrhage into the tumor, which appeared as 
a cystic area in the tumor. 


Case 4.~—A white married woman 55 vears old registered at the clinic on Aug. 26, 
1952. She said that since the autumn of 1949 she had experienced dull pain in front 
of and within the auditory canal on the right. By the summer of 1952 the dull pain 
had become worse, and was associated with intermittent, sharp, shooting pain. Since 
April, 1952, the shooting pain had become worse. It extended along the ramus of the 
right mandible. 

Results of neurologic and otorhinolaryngologic examinations were essentially 
normal. A roentgenogram of the skull disclosed nothing abnormal. Roentgenograms 
of the spinal column showed narrowing of the interspace of the 5th cervical vertebra. 
It was thought that the pain originated from irritation of the 2nd and 8rd cervical 
nerve roots. Heat and cervical traction were advised and tried. The patient felt 
that these measures lessened the pain, to some extent. 

The patient returned on March 18, 1953, saying that the pain had become worse. 
Neurologic examination disclosed slight weakness of the motor branch of the right 
trigeminal nerve; however, sensation in the trigeminal region was intact and the 
corneal reflexes were equal bilaterally. Diagnosis was deferred. 

The patient returned on April 9, 1954, complaining of pain as before. Results of 
the neurologic examination were essentially unchanged. In retrospect, it can be seen 
that roentgenologic examination of the skull done at this time demonstrated sharp 
decalcification of the right petrous tip, medial to the internal acoustic meatus, and 
decalcification of the posterior wall of the right foramen ovale. On May 6 a nodular 
goiter was removed. 

The patient returned on April 4, 1955, complaining that the pain was of the same 
character and in the same location as before, but was more severe and more constant. 
During the previous year she also had noticed that her neck was stiff. Neurologic 
examination disclosed moderate hypalgesia on the right side of the face, but tactile 
sensation was normal. The trigeminal weakness persisted. Horizontal nystagmus 
on gaze to the right was present. The ocular fundi and visual fields were normal. The 
nasopharynx was normal. Roentgenograms of the skull revealed the observations 
previously noted. The possibility of a chordoma was entertained, and repeated exa- 
minations were advised. 

The patient registered again on July 15, 1955. The pain was more severe and 
constant, and it extended from the right ear down to the right paratracheal area. 
Examination revealed hypalgesia, more pronounced, of the 2nd and 3rd divisions of 
the trigeminal nerve to the right side of the face and tongue. Increased weakness 
of the masseter, pterygoid and temporal muscles on the right was noted. Hearing was 
normal. Roentgenograms of the skull disclosed additional erosion at the tip of the 
petrous process on the right side. A diagnosis of tumor of the right side of the middle 
fossa was made. 

On July 29, right transtemporal craniectomy was carried out. The dura mater was 
elevated from the floor of the middle fossa, and as the 2nd branch of the trigeminal 
nerve was exposed, a grayish mass was seen. The mass was about 2.6 cm. in diam- 
eter; it appeared to be cystic. About 10 cc. of yellowish fluid was aspirated from 
it. Biopsy of tissue from the tumor revealed it to be a neurofibroma (neurilemmoma). 
Radical subtotal removal of the tumor was carried out. Neurologic examination in 
the postoperative period revealed no change in the findings that had been made 
previously, 
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Case 5.—A white married woman 33 years old registered at the clinic on July 
29, 1949. Four years previously she had noted the sudden onset of deafness and 
tinnitus in the right ear. She had been examined by a local otorhinolaryngologist, 
who said the auditory canal was obstructed by a neoplasm protruding through the 
eardrum. During this time, when she was overexcited, she also had had episodes 
which she described as ‘fainting spells.”” In November, 1948, the patient had first 
noted pain in the region of the inner canthus of the right eye. At this time she also 
had noticed numbness of the right side of the tongue and the roof of the mouth. A 
specimen of tissue from the tumor protruding through the eardrum was taken for 
biopsy and roentgen therapy was given. Several months afterward the patient 
noticed the onset of numbness of the right arm and leg. She also noticed some 
difficulty in swallowing. She was examined in May, 1949, by a surgeon in the local 
area, who again took tissue from the tumor for biopsy and reported the tissue as 
being neurofibromatous. At this time roentgenograms of the skull revealed erosion 
of the apex of the right petrous process and the posterior part of the floor of the 
middle fossa. 

Physical examination at the time of the admission of the patient to the clinic 
gave normal results. Neurologic examination disclosed nystagmus in all directions, 
diminished corneal reflex on the right, weakness of the right masseter, temporal and 
pterygoid muscles, diminished sensation in the right trigeminal area and fascicula- 
tions of the tongue. Palatine and pharyngeal reflexes were intact. The patient ex- 
perienced some degree of ataxia on turning from the left to the right. The ocular 
fundi, pupillary reactions and visual fields were normal. A smooth, fibrous tumor 
was seen protruding from the lower two thirds of the right tympanic membrane. 
The caloric response on the left side was normal, but on the right side it was absent. 
Deafness was complete on the right side. Roentgenograms of the skull revealed 
erosion and destruction of the tip of the petrous portion of the right temporal bone 
and sclerosis of the mastoid cells on the right side. A preoperative diagnosis of tumor 
of the right side of the cerebellopontine angle (meningioma or neurofibroma) was 
made. 

On August 6 right occipital craniectomy was carried out. The 5th, 8th, 9th, 10th, 
11th and 12th cranial nerves on the right side were visualized and were seen to be 
normal. However, the 7th and 8th nerves appeared to be somewhat posteriorly dis- 
placed by what seemed to be a slight bulging behind them. It was also noted at 
exploration that the petrous portion of the temporal bone was eroded. A tumor was 
not noted in the cerebellopontine angle, and it was felt that the tumor originated 
within the petrous portion of the temporal bone, and that the tumor was not acces- 
sible from a posterior-fossa approach. Three 5-mg. radium needles were inserted be- 
hind the 7th and 8th nerves in the region of the bulging. During the surgical pro- 
cedure there was a sudden decrease in the blood pressure, which was restored by the 
usual means. 

The patient had a rather complicated postoperative course, but slowly re- 
covered. During her convalescence it was noted that she had inferior altitudinal, 
congruous right and left homonymous hemianopsia, presumably caused by lesions 
in the upper portions of both occipital lobes, most likely the results of cerebral 
ischemia. 

The patient was dismissed. She returned again on Nov. 14, 1955. At that time 
she said that during the preceding 10 months she had experienced severe, dull, 
aching frontal pain, worse when she was stooping over and when she coughed. 
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During the preceding 4 or 5 months the right side of the face had become “numb” 
in the region of the 2nd division of the right trigeminal nerve. The patient also 
complained of clumsiness and numbness of the right hand. Neurologic examination 
demonstrated marked right corneal hypalgesia and also marked hypesthesia in 
the right side of the face. Moderate weakness of the right masticatory muscles and 
right hemiatrophy of the tongue were recorded. Inco-ordination of the right ex- 
tremities also was present. The ocular fundi were seen to be flat; the visual fields 
were unchanged from the appearance noted during the convalescence of the patient 
after the first operation. The right middle ear was found to be scarred, but a tumor 
was not seen. The nasopharynx was normal. Roentgenograms of the skull demon- 
strated extensive destruction of the floor of the middle fossa and sharp decalcifica- 
tion at the petrous apex on the right side. A diagnosis of recurrent tumor, neuro- 
fibroma, of the 5th nerve was made. 

On Nov. 29, 1955, right transtemporal craniectomy was carried out after the 
right external carotid artery had been ligated. After the dura mater had been 
stripped from the floor of the middle fossa for a distance of about 1.5 cm. from the 
edge of the craniectomy wound, a grayish-brown tumor was exposed. Exposure was 
continued and a neurilemmoma about 6 by 4 by 4 em. was found. The tumor ex- 
tended over to the midline, backward to the petrous bone and forward to the sphe- 
noid ridge. The tumor also had eroded through the floor of the middle fossa and ex- 
tended down to the nasopharynx. Extensive intracapsular enucleation was carried 
out. 

The patient’s convalescence was uneventful. Neurologic examination on the 
7th postoperative day revealed no added neurologic defect. The patient said that 
she had no additional pain, and she did not have ataxia. She was dismissed on the 
9th postoperative day. 


Case 6.—A white married woman 45 years old registered at the clinic on April 
21, 1948. She said she had first noticed enlarged lymph nodes in the cervical region 2 
years prior to her registration. The masses had increased gradually, and large nodes 
had developed in the axillas and groins. A diagnosis of Hodgkin’s disease had been 
made elsewhere. Biopsy at the clinic revealed lymphosarcoma of the Hodgkin type. 
Roentgen irradiation and nitrogen mustard were given. 

The patient returned 7 months later be- 
cause of swelling of the feet, intermittent 
fever and a tendency toward bleeding. Cul- 
ture of specimens of blood produced Staphy- 
lococcus aureus. The patient died 2 months 
after this second admission. During the 
period of clinical observation there had been 
no signs of involvement of cranial nerves. 

At necropsy a firm tumor 2.5 by 2 cm. 
was found extending from the left gasserian 
ganglion. The mass incorporated the gan- 
glion, and the foramen ovale was enlarged 
to about three times normal size. The tumor 
followed the mandibular division of the 5th 
nerve for a short distance. On microscopic 


Fic. 6. Case 6. Neurofibroma of the left 
gasserian ganglion. 
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examination the tumor proved to be a neurofibroma (Figs. 6 and 7). 


Summary on Supratentorial Tumors.—Tumors arising from the fifth 
nerve within the middle fossa, rather than conforming to a constant clinical 
pattern, often manifest themselves by symptoms suggesting locations other 
than the middle fossa. For example, in Case 1 the lesion presented as a 
chiasmal lesion; in Case 5 clear-cut symptoms of a tumor of the cerebello- 
pontine angle were present. 


Fic. 7. Case 6. Neurofibroma (neurilemmoma) of left gasserian ganglion, showing 
fibrils of reticulin (reticulin impregnation, X 110). 


In Case 2 symptoms clearly suggested a tumor of the middle fossa, and 
both the fifth and the ipsilateral optic nerve were involved. This suggestion 
was substantiated by roentgenologic findings. 

In Case 3 symptoms referable to the fifth nerve predominated. The onset 
of facial paresthesias, very shortly followed by severe facial pain and the 
findings of facial analgesia and weakness of the masticatory muscles, pointed 
to involvement of the middle fossa. 

Pain within the ear was the initial complaint in Case 4. Later, clear-cut 
involvement of the fifth nerve and roentgenologic changes pointed to the 
lesion in the middle fossa. 

Case 6 is an interesting one because of the fact that a tumor 2.5 by 2.5 
by 2 cm. was present in the gasserian ganglion without any symptoms or 
signs of involvement of the middle fossa. 
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SUPRATENTORIAL AND INFRATENTORIAL TUMORS 


Case 7.—A white man 32 years old first registered at the clinic on July 22, 1952. 
He had first noticed tinnitus in the right ear, with progressive deafness, 4 months 
previously. In the 5 months before his registration he had also noted some blurring 
of vision. 

Ophthalmologic examination revealed bilaterally chronically choked disks of 4 
diopters’ elevation, with early pallor. Examination of the visual fields revealed 
lower nasal contraction and an upper temporal scotoma in the right visual field, and 
a centrocecal scotoma and upper nasal contraction in the left visual field. A slightly 
ataxic gait, increased tendon reflexes bilaterally and left extensor plantar reflex 
were recorded. Roentgenograms of the skull revealed marked destruction of the 
middle fossa, and erosion of the petrous tip on the right. The right anterior clinoid 
process appeared to be elevated and eroded. Electroencephalographic study dis- 
closed grade 2 generalized dysrhythmia, maximal in the bitemporal regions, but 
stronger on the right side. A tentative diagnosis of petrosphenoid tumor (possibly 
chordoma) was made. 

Ventriculography was carried out on July 25, 1952. It revealed dilatation of the 
lateral and third ventricles. The fourth ventricle and aqueduct were not visualized. 
The protein content of the ventricular fluid was 2,000 mg. per 100 cc. On the same 
day right transfrontal craniotomy was carried out. A cystic mass was found beneath 
the right internal carotid artery in the right half of the visual apparatus. The cyst 
was punctured and about 20 cc. of xanthochromic fluid were obtained. The con- 
valescence was uneventful. 

The patient returned to the clinic on September 16 of the same year. During the 
interim since dismissal he had noticed marked decrease in hearing and intermittent, 
dull, frontal headaches. 

Examination disclosed partial loss of hearing on the right side, bilaterally choked 
disks of 3 diopters’ elevation and slightly ataxic gait. Roentgenograms of the skull 
revealed no change from the previous appearance. A diagnosis of tumor of the right 
side of the cerebellopontine angle was made. 

On September 26 right suboccipital craniectomy was carried out. High up in the 
cerebellopontine angle a mass presented, which on biopsy proved to be a neuro- 
fibroma. The tumor was removed almost completely, as far as it could be visualized. 
The tumor was not attached to the 8th intracranial nerve at any point. The pos- 
terior root of the 5th nerve was intimately associated with the tumor, and it was 
the opinion of the surgeon that the tumor had originated from the 5th nerve. The 
tumor weighed 10 gm. and was about 3 cm. in diameter. The patient had an unevent- 
ful convalescence. Neurologic examination, after this second operation, disclosed 
complete right trigeminal anesthesia and analgesia. The corneal reflex was absent 
on the right side. The patient was not seen for re-examination after dismissal. 


Case 8.—A white married man 38 years old registered at the clinic on Aug. 30, 
1946. He said that for the previous 16 years he had noticed occasional bilateral 
frontal headaches, accompanied by nausea and vomiting. These headaches had 
occurred on the average of two to three times a year, and persisted for 24 to 48 hours. 
During the year prior to his registration, he had noticed that headaches in the left 
temporal region would arise in the early morning and would increase on sudden mo- 
tion of the head and become progressively more severe and frequent. The patient 
also had noted, in the few months prior to his registration, double vision on looking 
to the left. Six months before, he had noticed intermittent numbness of the right 
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side of the face, limited to the forehead and region of the cheek, and occurring six 
or seven times daily. 

Neurologic examination demonstrated moderate paresis of the left external 
rectus muscle, with convergent strabismus. The left corneal reflex was slightly 
diminished, but no other neurologic observations were made. Roentgenograms of 
the skull disclosed destruction of the floor of the middle fossa in the region of the 
foramen ovale and the tip of the petrous pyramid on the left side. 

A diagnosis of tumor of the middle fossa was made. On September 4 left temporal 
craniotomy was carried out. A tumor could not be found until the posterior root 
of the trigeminal nerve had been sectioned and reflected. A mass was then evident; 
it arose from this root and was about 1.5 em. in diameter. Biopsy proved it to be a 
neurofibroma. It was thought that the entire tumor was removed. Convalescence 
was uneventful. Neurologic examination revealed numbness of the left half of the 
face, together with 5th-nerve motor paresis on the left side. 

The patient returned on Aug. 21, 1950. During the year prior to this registration 
he had experienced left occipital and temporal headache. He again returned for 
examination 13 months later, in September, 1951, complaining of progressive ataxic 
gait of 3 months’ duration. Neurologic examination revealed the previous defects 
and marked ataxia of the lower extremities. Hearing was normal, but marked hypo- 
function of the left vestibular apparatus was noted. Roentgenograms of the skull 
revealed no further changes. 

On Nov. 15, 1951, the left transtemporal incision was reopened and the middle 
fossa was inspected. A tumor was not present in the middle fossa. The tentorium 
was then split, and a tumor 3 cm. in diameter was seen. It was situated in juxtaposi- 
tion to the left cerebral peduncle. Total radical removal of the tumor was carried 
out. The patient’s convalescence was somewhat stormy, complicated by agraphia 
and alexia, during the first 2 weeks. Re-examination carried out 17 months later 
revealed some degree of residual agraphia and alexia, complete sensory and motor 
impairment of the left 5th nerve and moderate ataxia, 


Case 9.—A white married man 31 years old registered at the clinic on Aug. 12, 
1949. He said that about 5 months previously he had first noticed that headache 
would start daily in the neck and extend over the forehead, aggravated by effort. 
About the same time he noticed a sensation that the right ear was “stuffed up,”’ and 
he experienced episodes of dizziness which appeared intermittently, associated with 
tinnitus. About 3 months prior to registration, he had first noticed numbness of the 
right side of the face which progressed from the forehead to include the nose and the 
lower jaw, over a 2 months’ period. He also had noticed the gradual onset of loss of 
taste in the right side of his tongue, and also difficulty in walking. About 6 months 
before he came to the clinic he had begun to experience intermittent vomiting. His 
left hand and fingers became numb and clumsy, and he also began to hiccup period- 
ically. 

The ocular fundi were normal. Neurologic examination disclosed a vestibulo- 
cerebellar type of nystagmus, absence of the right corneal reflex, hypesthesia in the 
distribution of the 3rd branch of the right trigeminal nerve, slight weakness of the 
right masseter and pterygoid muscles on the right, and weakness of the right orbic- 
ularis oculi muscle. The gait was ataxic and Romberg’s sign was present. Audiom- 
etry demonstrated moderate conduction deafness. The right labyrinth was hypo- 
active on caloric stimulation. Roentgenograms of the skull disclosed no abnormality, 
A diagnosis of tumor of the cerebellopontine angle on the right was made. 
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On Aug. 17, 1949, right suboccipital craniectomy was carried out. A tumor, which 
biopsy proved to be a neurofibroma, was found high in the cerebellopontine angle. 
The tumor was completely removed, and the 5th nerve was exposed. The 8th nerve 
appeared to be intact. The tumor was 3 cm. in diameter. Convalescence was un- 
eventful. Neurologic re-examination at the time of dismissal disclosed complete 
sensory and motor deficit of the right trigeminal nerve, and absence of taste and 
sensation on the right side of the tongue. There was no further impairment of hear- 
ing. 

The patient returned to the clinic on March 21, 1953. He complained of pares- 
thesia of the left hand and weakness of the left leg. Neurologic examination revealed 
the gait to be moderately ataxic, and tendon reflexes were increased on the left 
side, with extensor plantar response on the left. The findings in respect to the 5th, 
7th and 8th cranial nerves were unchanged. The optic disks were flat. Roentgeno- 
grams of the skull revealed no abnormality. 

On June 9, 1953, right temporal craniectomy was done. An extradural tumor on 
the floor of the middle fossa was found; it had invaded the 2nd and 3rd divisions of 
the 5th nerve and the ganglion. The tumor was about 2.5 cm. in diameter. A small 
portion of the tumor extended through the tentorial notch into the posterior fossa. 
At the time of his dismissal, the patient was improving. 


Summary on Supratentorial and Infratentorial Tumor.—In Cases 7 and 9 
symptoms and signs referable to the posterior fossa predominated, and sug- 
gested the tentative diagnosis of chordoma in the former case and tumor of 
cerebellopontine angle in the latter. From the surgical standpoint, it is 
particularly important to be aware of the possibility of hour-glass tumor 
when trigeminal neurofibromas are at hand. If it is known that the tumor 
invades both the supratentorial and infratentorial regions, the temporal 
approach and sectioning of the tentorium are indicated: this is illustrated 
in Case 8 of the present series. 


INFRATENTORIAL TUMORS 


Case 10.—A white married woman 45 years old registered at the clinic on May 17, 
1944. She said that 3 years previously she had noticed the sudden onset of anesthesia 
of the right side of the face, followed very shortly by right facial weakness. She also 
complained of generalized headache and intermittent tinnitus on the right side. 
During the 4 months prior to her registration, staggering gait and dizziness were 
present. A month before her registration the inco-ordination became more evident, as 
did the facial weakness. The patient also noticed that the taste on the right side of 
her tongue was impaired. A corneal ulcer and impaired hearing, both on the right 
side, had developed within the last few weeks prior to her registration. 

A large corneal ulcer was found on the right eye, and corneal anesthesia was 
complete. Moderate nystagmus was elicited on lateral gaze to the right. Loss of sen- 
sation was complete in the distribution of the right trigeminal nerve, and marked 
weakness of the masseter, pterygoid and temporal muscles was recorded. Facial 
palsy on the right was almost complete. Inco-ordination of the right side of the body 
was present, together with ataxic gait. The ocular fundi and the visual fields were 
normal. Labyrinth response on the right was absent. Roentgenograms of the skull 
disclosed essentially nothing abnormal. A diagnosis of tumor of the cerebellopontine 
angle (possibly meningioma) was made. 

On May 24 right suboccipital craniectomy was carried out. A mass was found 
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high up in the cerebellopontine angle. Biopsy of tissue from the tumor proved it to 
be a neurilemmoma. It was about 2.5 cm. in diameter and was partially cystic. It 
appeared to originate from the 5th cranial nerve. The tumor was removed subtotally. 
The 7th, 8th, 9th and 10th cranial nerves were identified after the tumor had been 
removed; they appeared to be intact. Convalescence was uneventful. Neurologic 
re-examination at the time of dismissal of the patient showed her to be free of head- 
ache, dizziness and tinnitus. There appeared to be some improvement in the sensa- 
tion of the right trigeminal area. Hearing remained absent on the right side. Ataxia 
was abating steadily. 

The patient returned on July 22, 1945, because of recurrence of unsteady gait, 
associated with weakness of the left arm and leg, slurred speech and regurgitation 
of fluids during the 6 months prior to this registration. The symptoms had become 
markedly pronounced during the previous 4 weeks. 

The speech was markedly explosive. Coarse nystagmus on gaze to the right side 
was noted and some degree of peripheral weakness of the right facial nerve, analgesia 
of the right side of the face, absence of the right corneal reflex, moderate weakness 
of the left extremities, with bilateral plantar extensor responses, and marked inco- 
ordination of all four extremities were recorded. Funduscopic examination revealed 
no evidence of choked optic disks. A diagnosis of recurrent neurofibroma was made, 
but operation was declined. A course of roentgen therapy was advised and the 
patient was dismissed. The patient died in November, 1946. Necropsy was not done. 


Case 11.—A white married man 44 years old registered at the clinic on Oct. 
24, 1941. He said that during the preceding 2 months he had noticed, over the left 
eye, a continuing numb feeling which sometimes involved the left cheek, the left 
side of the tongue and the left corner of the mouth. During the same period he also 
had noticed some degree of diplopia on looking to the left. 

Horizontal nystagmus, moderate weakness of the left lateral rectus muscle, and 
diminution of the left corneal reflex were found. Roentgenograms of the skull showed 
nothing abnormal. No definite diagnosis was made. The patient was advised to 
return in 3 months. 

In March, 1943, the patient returned, reporting that the numbness of the face 
had become more extensive, and involved the left half of the face, the mouth and 
tongue. During the previous 6 months, he had noticed tinnitus in the left ear and 
some ataxia, and tendency to fall to the right. Diplopia had become more frequent 
and more noticeable. During the 3 months prior to this registration, the patient had 
noticed difficulty in swallowing and also slurred speech. 

Neurologic examination disclosed analgesia and paresis of the left trigeminal 
motor root, diminution of the left corneal reflex, slight paresis of the left facial 
nerve and absence of taste on the left anterior portion of the tongue. The left external 
rectus muscle was weak. Speech was markedly slurred. Moderate dysmetria was 
noted on the left extremities, and the gait was ataxic. Tendon reflexes on the left 
side were hyperactive. A mild, high hearing loss was recorded bilaterally, and the 
left labyrinth was hyperactive. The ocular fundi were normal. Roentgenograms of 
the skull disclosed erosion of the left petrous tip and the floor of the sella turcica. A 
diagnosis of tumor of the left side of the cerebellopontine angle was made; it was 
thought that the lesion was either a meningioma or an acoustic neurofibroma. 

On March 19, 1943, left suboccipital craniectomy was carried out. A tumor, which 
biopsy proved to be a neurofibroma (neurilemmoma), was found high in the left 
cerebellopontine angle. The tumor was cystic, and was about 3.5 cm. in diameter. 
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It was situated adjacent to the tentorium, and appeared to arise from the 5th nerve. 
The tumor displaced the pons and brain stem mesially, and extended downward 
and displaced the 7th and 8th nerves. Intracapsular enucleation was done. The 

patient’s convalescence was satisfactory until the 5th postoperative day, at which 
time his condition became suddenly worse. He died on the 8th postoperative day. 
Necropsy was not performed. 


Case 12..—A white married man 34 years old registered at the clinic on Oct. 1, 
1946. He had been well until June, 1945, at which time he had noticed numbness in 
the right side of the upper lip, which gradually extended to encircle the eyes and also 
to include the upper and lower jaws. About the same time he had noticed general- 
ized, dull, aching headaches on awakening. These would persist for about an hour. In 
November, 1945, he had noticed that his gait was unsteady and that he had a tend- 
ency to fall to the right. At this time also he had noticed a tingling of the fingers of 
the left hand and numbness of the left arm. Episodes of nausea and vomiting 
occurred, and swallowing became difficult. Ventriculography and suboccipital cra- 
niectomy had been carried out elsewhere, but they did not disclose a tumor. A course 
of roentgen therapy was prescribed for a suspected infiltrating glioma of the pons. 
The patient’s symptoms had persisted, however. 

When this patient was first seen at the clinic, neurologic examination disclosed a 
somewhat ataxic gait, mild horizontal nystagmus, slight hypesthesia over the right 
side of the upper lip, diminution of the right corneal reflex and slight weakness of the 
right side of the tongue. A roentgenogram of the skull gave evidence of a suboccipital 
craniectomy and bilateral trephine openings. Observation was advised, with the 
request that the patient return in 5 or 6 months. 

The patient did not return until June 28, 1950. He had noticed increased un- 
steadiness of gait and return of the nausea and vomiting. He also had noticed right- 
sided deafness. Neurologic examination disclosed hypesthesia and hypalgesia of the 
Ist and 2nd divisions of the right trigeminal nerve, moderate weakness of the right 
masseter, temporal and pterygoid muscles, and a marked ataxic gait. Hearing was 
moderately impaired on the right side. 

The patient returned again 4 months later. The numbness on the right side of his 
face had increased, and he was aware of increased ataxia. Neurologic examination 
disclosed rather marked ataxia, hypalgesia in all three divisions of the right tri- 
geminal nerve, and nystagmus in all directions. Neurologic observations otherwise 
were the same as those made in previous examinations. The ocular fundi were 
normal. Roentgenograms demonstrated localized erosion of the apex and of the 
right petrous bone, and decalcification of the foramen ovale on the same side. The 
pineal gland was observed to be displaced to the left. A diagnosis of meningioma or 
neurofibroma in the region of the petrous tip was made, and operation was advised. 

On Nov. 2, 1950, right temporo-occipital craniectomy was done, and the middle 
fossa was explored. The tentorium was bulging upward. It was split surgically, and 
a tumor was noted underneath the tentorium, extending into the right cerebellar 
lobe; it was 2.5 cm. in diameter. The tumor arose from the posterior root of the 
trigeminal nerve. Biopsy proved it to be a neurofibroma (neurilemmoma). The tumor 
was completely removed. 

Postoperative convalescence was uneventful, Neurologic re-examination showed 
improvement, as far as ataxia and nystagmus were concerned. Complete analgesia 
and anesthesia were noted in the distribution of the right 5th nerve. 


Case 13.—A white man 21 years old registered at the clinic on Jan. 12, 1955. His 
father said the patient had been alert and in good health until 1951, at which time 
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it had been noticed that the patient laughed readily without provocation. Attacks 
of severe frontal headache had begun about the same time; they would persist for 
about 2 or 3 hours and would occur every 2 or 3 weeks. Two years before his registra- 
tion the patient had noticed gradually progressive weakness of the left extremities. 
Since July, 1954, slurred speech, weakness and a sensation of “‘stiffness’’ of the left 
side of the face and difficulty in swallowing, with occasional regurgitation of fluids 
through the nose, had been present. 

Results of the general physical examination were essentially negative. Neuro- 
logic examination revealed a vestibulocerebellar type of nystagmus, maximal when 
looking to the left, a peripheral type of weakness of the left facial nerve, slight 
diminution of the left corneal reflex, moderate weakness of the left side of the soft 
palate, presence of the sucking reflex, moderate weakness of the left extremities, 
absence of abdominal reflexes, bilateral presence of extensor plantar reflexes, di- 
minished two-point sensation over the left hand and marked inco-ordination bi- 
laterally. The patient was somewhat euphoric, and laughed at the slightest provoca- 
tion. Roentgenograms of the skull disclosed asymmetry of the petrous tips. Electro- 
encephalography disclosed grade 1 generalized dysrhythmia. 

A diagnosis of pseudobulbar palsy or pontine tumor was made, and pneumo- 
encephalography was carried out on Jan. 17, 1955. These studies revealed the aque- 
duct and fourth ventricle to be displaced posteriorly and to the right. The total 
protein content of the cerebrospinal fluid was 600 mg. per 100 ce. On Jan. 19, 
left: suboccipital craniectomy was performed, and a large bluish-gray mass was 
found high up in the left cerebellopontine angle. Biopsy proved it to be a neuro- 
fibroma (neurilemmoma). Intracapsular enucleation was carried out, and as the 
operation proceeded the tumor was noted to lie anterior to the pons. The tumor arose 
from the 5th nerve and projected up through the tentorial notch and extended 
downward to a level 1.5 em. below the internal acoustic meatus. The tumor measured 
3.5 by 4m. and weighed 18.2 gm. Except for a small part of the capsule, the tumor 
was completely removed. 

Postoperative convalescence was uneventful. At the time of dismissal the patient 
had improved in all respects, except that he had analgesia in the distribution of the 
left trigeminal nerve. The pharyngeal reflex was slightly diminished, but the patient 
was able to swallow well. He no longer had episodes of unprovoked laughter, and 
he was mentally alert and oriented. 


Summary on Infratentorial Tumors.—In all of the 4 preceding cases, the 
symptoms and signs pointed to involvement of the posterior fossa by a 
tumor. In 3 of these cases the pattern was similar. Signs of involvement of 
the fifth nerve were followed by findings referable to involvement of the 
eighth nerve and cerebellar involvement. In Case 13, the symptoms and 
signs suggested pseudobulbar palsy, but were predominantly unilateral and 
the roentgenograms of the skull, together with pneumoencephalograms, 
pointed to the situation of the tumor. Case 12 has been reported previously 
by Baker and Bailey,® who have already pointed out the importance of 
roentgenologic studies in early and accurate diagnosis. 


COMMENT 


Symptoms and Signs Referable to the Fifth Nerve.—The striking finding in 
this review is the fact that in 3 instances (Cases 1, 6 and 7) no objective in- 
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volvement of the fifth nerve was present. In Cases 1 and 7 the tumor was 
large, measuring 6 by 3.5 cm. in Case 1, and 3 cm. in diameter in Case 7. In 
Case 6 the tumor was smaller, being 2.5 by 2 em. In Cases 1 and 6 the tumor 
was limited to the supratentorial space. In the remaining 10 cases, signs refer- 
able to the fifth nerve were present; however, in only 6 cases (2, 3, 4, 10, 11 
and 12) did they constitute the first symptom. In 3 cases (5, 9 and 13) some 
change in the cutaneous sensibility of the face was present, but this change 
was not the first symptom noted. In 1 case (8) diminution of the corneal 
reflex constituted the only sign referable to trigeminal-nerve impairment. 

The duration of the changes in facial sensibility, expressed as “‘numb- 
ness” by the patients, varied between 3 years and 6 months. In Cases 2, 11 
and 12 these changes started in the first or second divisions and gradually ex- 
tended to cover the whole face. In Case 12 serial neurologic examinations 
revealed hypesthesia of the second division at the time of the first examina- 
tion, of the second and first at the time of the subsequent admission, and 
complete anesthesia of all divisions at the time of the last admission. 

In Case 3 a “numb feeling” developed in the second division; the next 
week the patient had the sensation that her face “was going to sleep.”’ Sub- 
sequently, severe pain developed in the same place. Examination revealed 
total anesthesia and analgesia of the first division, and moderate hypalgesia 
and hypesthesia of the second division. 

In 8 cases, variable degrees of weakness of the masticatory muscles were 
demonstrated. 

It is interesting to note that in 2 cases signs of involvement of the fifth 
nerve developed rapidly. In Case 10 the onset of alteration in facial sensibil- 
ity was almost sudden, associated with the development of facial weakness. 
The latter possibly had a basis in traction exerted upon the greater petrosal 
superficial nerve. In Case 3 paresthesias, originally detected by the patient in 
the second division, involved all three divisions within a week. In this par- 
ticular case, a hematoma of recent origin was found in the tumor at opera- 
tion. In the former case a cyst was present in the tumor, but no mention of 
recent hemorrhage was made by the surgeon in his operative note. 

Symptoms and Signs Referable to the Eighth Nerve—In 9 cases the tumor 
lay in juxtaposition to the eighth nerve. In 4 of these cases the tumor was 
situated entirely in the posterior fossa; in 3 cases the tumor was both supra- 
tentorial and infratentorial, more or less equally distributed; finally, in 2 
cases the main bulk of the tumor was situated supratentorially, with a 
smaller extension into the infratentorial space. 

In 8 of all 13 cases (2, 5, 7, 8,9, 10, 11 and 12) there were signs of involve- 
ment of the eighth nerve. In Case 13, in which a tumor of the posterior fossa 
was found, there was no sign at all of impairment of the eighth nerve. 

In 2 cases (5 and 7), symptoms of involvement of the eighth nerve con- 
stituted the initial complaint, and in both cases the surgeons’ operative 
notes did not mention any attachment of the tumor to the acoustic nerve. 

Impairment of the vestibular branch was evident in 5 cases (2,5, 8,9 and 
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11); in 2 of them this type of impairment was associated with objective deaf- 
ness; in another 2 it was associated with tinnitus; and in 1 case impairment 
of the vestibular branch constituted the only sign of impairment of the eighth 
nerve. 

Objective deafness was present in 5 cases (5, 7, 9, 10 and 12). In 4 of them 
nerve deafness was most likely, and in 1 the presence of conductive deafness 
was demonstrated. 

In 2 cases tinnitus without objective deafness was present. 

Involvement of Other Cranial Nerves.—In 9 cases of this series the tumor, 
or a portion of it, occupied the middle fossa, and thus lay near the optic 
pathways. In 3 of these 9 cases evidence of involvement of the optic path- 
ways was obtained. In 1 of these 3 cases no objective evidence of involve- 
ment of the fifth nerve was present, and this fact resulted in a misleading 
localization: most of the tumor was missed during operation (Fig. 3). In 
another case evidence of unilateral involvement of the optic nerve developed 
some time after partial removal of the tumor. This impairment was associ- 
ated with changes in the corresponding optic canal. Subsequent exploration 
in this case demonstrated notching of the optic nerve produced by compres- 
sion of this structure between the carotid artery and the optic canal. In the 
third case, a nonlocalizing type of field was obtained, and ventriculography 
demonstrated enlargement of the third ventricle. It should be pointed out 
that in Case 5 bilateral homonymous hemianopsia occurred immediately 
after the first surgical operation, most likely the result of vascular changes in 
the occipital lobe. 

Papilledema was present only in Case 7. 

Only the sixth nerve showed evidence of impairment, as far as the motor 
nerve of the eye is concerned. This confirms previous observations!’ that 
these nerves are affected infrequently by neurofibromas of the fifth nerve. 
The sixth nerve was affected in 5 cases in the present series. 

Signs of involvement of the seventh nerve were present in 5 instances 
(Cases 2, 9, 10, 11 and 13). In 3 of them the bulk of the tumor was situated 
in the posterior fossa. In Case 2 most of the tumor occupied the middle fossa; 
however, at operation a small projection into the posterior fossa was seen. 
In Case 9 the tumor was situated in both fossas. 

Symptoms referable to involvement of the tenth nerve were present in 3 
cases (5, 11, and 13). In 2 of them the tumor was situated infratentorially. 
Only in Case 13 was objective evidence of deficit of the tenth nerve found. 

Paresis of the tongue was present in Cases 5 and 12. In the former the 
tumor had eroded the floor of the middle fossa and extended in the soft 
tissues at the base of the skull. In the latter the tumor was situated in the 
posterior fossa. 

Other Signs.—It has long been recognized":*! that ataxia is present when 
neurofibromas arise from the posterior root of the trigeminal nerve. We 
observed that ataxia was a very constant sign in the present cases, when 
the tumor was situated infratentorially. Evidence of ataxic gait and inco- 
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ordination of the extremities was observed in all 7 cases of involvement of the 
posterior fossa, and also was present in 2 cases in which the tumor lay pre- 
dominantly in the middle fossa. 

Ipsilateral hemiparesis of the extremities was present in Case 13, in 
which the tumor was limited to the posterior fossa. The hemiparesis evi- 
dently was produced by displacement of the brain and the production of a 
notching of the cerebral peduncle against the tentorium. This observation 
also has been made occasionally in the presence of tumors of the eighth 
nerve.”” 

Determinations of the protein content of the cerebrospinal fluid were 
carried out in Cases 12 and 13. Protein amounted to 80 mg. per 100 ce. in 
the former and 600 mg. per 100 cc. in the latter. In Cases 2 and 7, determina- 
tions of the protein content of the ventricular fluid were 400 mg. and 200 
mg., respectively, per 100 cc. of fluid. These findings agree with similar 
observations made in the presence of acoustic neurofibromas, and are help- 
ful in diagnostic identification of the tumor. 


PATHOLOGIC OBSERVATIONS 


Study of the gross specimens removed at operation and observations at post- 
mortem examination in Case 1 evidenced the frequency with which cystic degenera- 
tion occurs in these tumors. It should be mentioned that in Case 7 a cystic cavity 
was found in the middle fossa during the first exploration, and subsequent posterior- 
fossa craniectomy disclosed a more solid mass situated infratentorially. Similar find- 
ings have been reported previously.'* 

Microscopically,” zones of palisading arrangements of fibrils and cells were 
observed in the present series; however, apolar arrangement with microcystic 
degeneration was found more frequently. Impregnation with silver stains disclosed 
reticulin in all but degenerated areas. 


SUMMARY AND CONCLUSIONS 


Review of the literature has yielded a total of 43 cases of proved and 
accepted neurofibromas of the fifth nerve. 

We have described the findings in 13 cases of solitary trigeminal neuro- 
fibromas (neurilemmomas) found at the Mayo Clinic. The tumors herein 
reported upon were divided in three groups for study. In 6 cases the tumors 
were restricted primarily to the middle fossa; in 4, to the posterior fossa, 
and in 3, the tumors were situated supratentorially and infratentorially. 

Because of the misleading symptoms and signs frequently manifested 
during initial observation of the patients, it was difficult in some cases to 
make an early diagnosis. In many cases roentgenologic data were very help- 
ful. 

As to clinical findings in the presence of tumors of the fifth nerve, it was 
found that in 3 instances no objective involvement of the trigeminal nerve 

yas present. In the remaining cases symptoms and signs consisted of some 
impairment of facial sensation, weakness of the masticatory muscles or facial 
pain. 
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In 8 instances signs of involvement of the eighth nerve were present. 

The optic pathways were found to be affected in 4 instances. Papilledema 
occurred only once in the present series. 

The sixth nerve was clinically impaired in 5 instances. The seventh 
nerve was impaired in 6. Symptoms of involvement of the tenth nerve 
occurred in 3 cases. Signs of deficit of the twelfth nerve were present in 2 
instances. 

Ataxia was a constant accompaniment in those cases in which the tumor 
was situated infratentorially. 

Ipsilateral hemiparesis was found in 1 instance, suggesting notching of 
the midbrain against the tentorium. 

The protein content was found to be increased in all cases in which the 
cerebrospinal or ventricular fluid was analyzed. 

Pathologically, cystic degeneration was a common feature, and in all 
cases the tissue was identified as corresponding to neurofibroma (neuri- 
lemmoma) by the use of routine and special stains. 
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DISCUSSION 


Dr. James L. Popren: I am sure that this is quite a change of pace from the discussion 
we had this morning with the chemopallidectomy symposium. I do want to compliment 
Dr. Svien on giving a factual detailed résumé of the 13 cases with which he has had experi- 
ence. 

When Dr. Svien first asked me to discuss the paper (which, by the way, you all want 
to read because of its excellence), and I saw 13 patients having a neurofibroma of the 5th 
cranial nerve, I thought immediately, “It can’t be true. They must have many more.” 

However, I looked up our cases and excluded all the von Recklinghausen patients, and 
I soon noticed that it is a relatively rare condition. We had 9 patients who had solitary 
lesions involving the 5th cranial nerve. We did not have the three types. We had none solely 
in the infratentorial region. Ours were of the dumbbell type, of the middle fossa and involving 
the orbital fossa. 

It would be folly to go ahead and give a résumé of our 9 patients, for they are mirror 
images of the cases he described, with the exception that we were not fortunate enough in 
having the smaller tumors. We had 4 patients who had marked exophthalmos with a tumor 
that extended into the middle fossa, and in one patient it displaced the pons posteriorly, wrap- 
ping itself around the basilar artery. 

I do want to compliment Dr. Svien on the operative mortality. There, again, we were 
not quite as fortunate. We had 2 deaths directly ascribable to the operation. In one patient 
the basilar artery was opened and in the other the internal carotid had to be sacrificed. I feel 
that we ought perhaps to classify them as follows: the tumors that actually involve the 
sensory root, the type that involves the gasserian ganglion and those that are intrinsic in 
the nerve trunks distal to the ganglion. I think it is important in a way to know that in none 
of the series that I have read was the 3rd or the mandibular division peripherally involved 
with neurinoma. Having said this, I am sure several of you have had many of these cases. 
Neurinomas of the 5th cranial nerve are rare but either we do not have the inclination or we 
do not have the time to write up some of the rare conditions. For that reason, I am sure 
if a census were held of this group at this time that perhaps 20 to 40 more cases would come 
to view. 

This morning six points were discussed to take care of this situation; but some of us still 
have the task of taking out brain tumors. Unfortunately, I cannot think of six points that 
I can give in order to have the perfect operation for neurinomas of the 5th cranial nerve. 

In the first place, I could show you some patients who had marked exophthalmos from a 
neurinoma and afterward showed the eye in a normal position, but you cannot demonstrate 
by slides that a patient might be partially blind in one eye or that paresthesias of the face 
may develop after the removal of the tumor. 

I do want just to mention the fact, as Dr. Svien has intimated, that the surgical approach 
is very important. When the tumor is predominantly in the posterior fossa one should attack 
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the tumor in the cerebellar angle and then incise the tentorium. Usually the tumor is not 
attached above the tentorium. On the other hand, if it arises in the region of the middle 
fossa, it is, of course, better to make a low temporal approach and incise the tentorium, as 
Dr. Svien stated, to be sure that the cerebellar angle is free from tumor. 

If, however, the patient has an exophthalmos with an extension into the middle fossa, 
then the frontal temporal approach is preferable. I do want to warn you that in the 2 patients 
who died, the tumor arose in the region of the gasserian ganglion, and perhaps it is better, 
but completely against my philosophy, to leave a bit of the tumor behind. The reason I 
say that is when the patient has hypopituitarism, some visual field changes and perhaps 
3rd nerve involvement, the tumor will be wrapped around the internal carotid artery. As 
happened in removing the last bit of tumor in one patient, the internal carotid artery was 
injured “inadvertently” (I do not like the word “inadvertently” which some of our assistants 
write in their operative reports: “the pleura was inadvertently opened” or “there was an 
inadvertent rupture of an artery’—I do not like it) and this patient had an ipsilateral 
hemiplegia because she had hypertension and had had a previous cerebral vascular accident 
on the opposite side. You can imagine what the result was in that particular case. 

Then, the other patient had a very large tumor which extended from the middle fossa 
anterior to the pons and was wrapped around the basilar artery, and again “inadvertently” 
the basilar artery was opened with a similar result. 

The third patient, a severe diabetic, was perfectly normal on the 4th postoperative day, 
but on the 5th day he died suddenly. Autopsy was performed with the report that the patient 
died from an unexplained cause. You can figure that one out. Of course, it is an operative 
death. 

I do feel that it is important to record some of these rare tumors. Perhaps in the larger 
tumors that involve the cavernous sinus one should be inclined to leave just a bit of the 
tumor since it is slow growing. 

I want to congratulate Dr. Svien on his paper. 
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N THE course of studies of experimental angiography in dogs, it became 
I evident that the spinal cord is especially vulnerable to injury by roent- 

gen contrast agents, and that this injury is modified strikingly by the 
position of the animal during an injection.":!° It was readily apparent that 
the peculiar features of the blood supply and the caudad anatomical situa- 
tion of the animal cord are important factors in the production of the injury. 
The postural effect, with the cord being protected when an animal is prone 
and rendered most vulnerable with the animal supine, could be explained in 
theory by differential gravitational flow of a medium heavier than blood.7:!%:1 
An alternate possibility arises that the unusual susceptibility of the spinal 
cord to this injury, and the modifying effect of position could be explained 
by intrinsic features of the circulation of the spinal cord. For example, it is 
conceivable that the circulation time of the spinal cord is inherently slower 
than that of the brain, rendering the exposure time to the contrast substance 
critically long. Consistent with this hypothesis is the observation that the 
spinal cord is relatively resistant to circulatory stasis such as that produced 
by aortic occlusion.'"" Another possibility is that the modifying effect of 
posture is related to an alteration of speed of blood flow. With the animal 
supine, a slowing of the circulation of the cord by venous stasis or by arterial 
constriction is possible theoretically.* The importance of prolonged applica- 
tion time to the production of contrast medium injury of the brain has been 
emphasized repeatedly by Broman et al.*> To resolve the problems raised 
above, information is needed concerning the circulation time of the spinal 
cord and, in particular, the time of exposure of the circulation and 
parenchyma of the spinal cord to an injected mass of contrast substance in 
its first circulation. 

These few basic facts about spinal cord circulation are unknown. From 
a consideration of the anatomic arrangement of the blood supply of the 
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cord, with its variable and numerous arterial and venous radicles, it is evi- 
dent that the quantitative technics used in the measurement of cerebral 
blood flow are not applicable to this structure. However, the pattern of both 
the extrinsic and intrinsic vessels of the cord':*:*"%:."® renders it as readily 
approachable as the brain by technics designed to study temporal phases of 
the circulation, and perhaps even better adapted for the study of features 
of segmental or regional blood flow. The present report describes experi- 
ments designed to obtain this fundamental information, and the results of 
these studies. 


EXPERIMENTAL 


The principal method for the study of the vascular dynamics of the spinal 
cord consisted of a modification of the fluorescein technic used by Minard™ 
to study the cerebral circulation time. 


Adult dogs of varied breeds were used for these studies. With an animal under 
Nembutal anesthesia a laminectomy was performed, exposing from 3 to 5 cm. of 
lumbar cord. The dura mater was incised and reflected laterally, care being taken to 
avoid perforating the arachnoid membrane. In each animal the vascular network of 
the dorsal surface of the cord was carefully studied under a Zeiss technoscope at 
magnifications ranging from 10X to 60X. Animals demonstrating circulatory 
abnormalities such as the sludging phenomenon,'® traumatic subarachnoid hemor- 
rhage, or a loss of the subarachnoid space consequent to perforation were not used in 
critical observations. For further observations a magnification of 16X was generally 
used. A polyethylene catheter was inserted into the femoral artery and passed 
retrograde into the abdominal aorta until the tip reached to approximately the level 
of the umbilicus. For the indicator substance a 0.5 per cent Na fluorescein solution 
in physiological saline was used. This substance was injected manually in doses of 
1 cc. per kg. at a rate of approximately 5 cc. per sec., this dose and injection time 
being based upon previously reported studies of contrast medium injuries."*-'® The 
fluorescence of the dye was activated by exposure to a long wave (3660A°) ultra- 
violet lamp (Ultraviolet Products, Inc.) in a dark room. Care was taken during 
these tests to reduce the exposure to ultraviolet light to a minimum time and to keep 
the field of observation protected from light and moistened with physiological saline 
during interval periods. The circulatory events were timed by being directly re- 
corded upon a Sanborn polyviso recorder through a remote control switch activated 
by the observer. During these studies continuous blood pressure tracings obtained 
from a catheter in the contralateral femoral artery were also recorded on this in- 
strument. Animals exhibiting hypotension were eliminated from these studies of the 
normal circulatory dynamics. Parallel studies of the canine cerebral circulation were 
made through a 1.8 cm. trephine opening, under conditions similar to those of the 
spinal cord studies. For these observations a catheter was anchored in the external 
‘arotid artery in a retrograde direction, and the vessel was ligated distally. Na 
fluorescein in 0.5 per cent solution was again used as the indicator substance, with 
the test dose generally being 1 cc. per kg. administered at approximately 5 cc. per 
sec. In a few animals, doses of 0.2 to 0.4 cc. per kg. were also used. 


The following variables of blood flow were recorded in each animal 
studied: 
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The appearance time—defined as the period elapsing between the begin- 
ning of the injection of the indicator dye and its appearance in the arterial 
circulation of the central nervous system. 

The circulation time—defined as the period elapsing between the entry 
of the indicator agent into the pial arterial circulation and its appearance 
in the pial venous network at the site of observation. 

The arterial exposure period—defined as the total time during which the 
indicator substance was visualized in the arterial circulation of the central 
nervous system. 

The regional venous exposure period—defined as the total time during 
which the indicator material was visualized in the regional venous circula- 
tion of the central nervous system. 

The regional application period—defined as the total time elapsing be- 
tween the entry of the indicator dye into the arterial circulation of the central 
nervous system and its disappearance from the regional venous circulation 
of the central nervous system. 

The readily defined arterial and venous components of the pial circulation 
served as reference points for these observations. In the spinal cord, partic- 
ular care had to be exerted to exclude the dorsal medullispinal vein from 
these observations. This main dorsal venous channel, which carried the 
longitudinal in addition to the segmental venous drainage, remained fluores- 
cent far longer (ca. 5 to 10 sec.) than did its tributary veins and therefore 
could not be used as an indicator of the regional venous exposure time. This 
vessel constituted such a prominent component of the vascular network that 
in most studies its period of fluorescence was also separately recorded. Thus, 
two more variables of circulation time were obtained, namely: the general 
venous exposure period, which encompassed the period of fluorescence of all 
pial veins; and the general application period, encompassing the period be- 
tween the entry of the dye in the arterial circulation and its disappearance 
from the dorsal medullispinal vein. In the cerebral studies it was also neces- 
sary to separate the regional or local from the general venous drainage, but 
the latter component did not constitute so prominent a feature in these 
observations. 

The following series of studies was made with the fluorescein indicator 
method: 

1. Fifty observations of the spinal cord circulation in 10 dogs in the 

prone position. 

2. Thirty observations in 5 dogs comparing the effect of the prone, 
lateral, and supine postures upon the circulatory dynamics of the 
spinal cord. 

3. Twenty observations of the cerebral cortical circulation in 4 dogs. 

4. Thirty-two observations in 4 dogs comparing the circulatory dynamics 
of the spinal cord to the brain. 

As part of a study of broader scope a preliminary test was also made of 

the usefulness of roentgen contrast agents for the determination of the cir- 
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culation time of the spinal cord. For these studies 70 per cent Hypaque, 35 
per cent Diodrast, and 25 per cent Thorotrast were used in 30 ce. doses, 
each agent being tested in one dog. These substances and the doses and 
concentration were chosen on the basis of previous tests showing that they 
yielded excellent angiographic contrast, yet exerted no toxic convulsant 
effect upon the cord. The events of the injection were recorded by serial 
roentgenograms made at 0.5-sec. intervals for a period of 13 sec. with a 
Schonander automatic film changer. This apparatus required that the dogs 
be positioned on the side during the injection. In the roentgenographic 
observations of spinal cord circulation the anterior spinal artery served as 
the arterial reference point. For the venous reference point an attempt was 
made to visualize the dorsal or ventral medullispinal veins of the cord and, 
failing in this, the radicular veins or the anterior internal vertebral venous 
plexus. 


RESULTS 


Fluorescein Studies. The fluorescence produced by the circulating dye was 
of brilliant quality and could be followed readily under microscopic observa- 
tion. The advancing wave front of the fluorescein was sharply defined, both 
in the arterial and venous circulations. The arterial fluorescence faded 
quickly, with a clearly perceptible end point. The decay of venous fluores- 
cence was more gradual, but was still readily defined in the large veins 
constituting the regional drainage of the spinal cord. In the dorsal medulli- 
spinal vein the longer period of fluoresence faded so slowly that the end 
point was difficult to remark, making this reference point a less sensitive 
one than that of its tributary veins. Recirculation of the dye produced so 
feeble a fluorescence that it rarely interfered with these visual observations. 

In these studies the directional pattern of blood flow over the stretch of 
the posterior surface of lumbar cord exposed for observation was particularly 
well demonstrated by the advancing wave front of fluorescein. The posterior 
arterial flow of the lumbar cord, as Bolton? has demonstrated in injection 
studies, was predominantly vertical, and, except for the loops where the 
arterial trunk divided into ascending and descending branches, the flow was 
craniad. The posterior venous circulation exhibited two directional features. 
The regional or segmental drainage was generally transversely oriented, 
although individual large veins contributing directly to the major posterior 
trunk presented a slanting craniad or caudad pattern. The directional flow 
through the longitudinally oriented dorsal medullispinal venous trunk was 
predominantly caudad. 

The circulation time for the spinal cord ranged from 1.9 to 3.4 sec., 
compared to 0.9 to 2.0 sec. for the cerebral cortex. The regional application 
time for the spinal cord varied between 6.2 and 11.1 sec. for the spinal cord 
and 6.0 to 12.7 sec. for the cerebral cortex. Generally, it could be stated 
that the circulation time for the spinal cord was approximately twice as 
long as for the brain, but that the exposure time was approximately equal 
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TABLE 1 


Comparison of temporal aspects of circulation through spinal cord and cerebral cortex of a dog 


(413) measured with 0.5 per cent Na fluorescein indicator in 1 cc./kg. doses 


Circulation Times (Seconds) 


= T est Appear- Circula- Arterial Regional Regional General ( reneral 
No. Site pint Thea Exposure Venous Applica- Venous Applica- 
Time Period Exposure tion Exposure tion 
Period Period Period Period 
1 Spinal cord $.5 2.8 6.1 6.8 9.6 12.5 15.3 
2 Spinal cord 4.2 2.2 5.8 7.8 10.0 15.8 18.0 
3 Spinal cord | 3.7 2.5 5.0 6.9 9.4 18.0 20.5 
4* — Brain 0.9 1.4 1.4 8.8 10.2 14.4 15.8 
5 Brain se 1.6 2.4 7.5 9.1 13.2 14.8 
6 Brain 1.2 Re 1.9 9.0 10.1 13.6 15.7 
7 Brain 0.9 1.4 1.4 8.7 10.1 14.2 15.6 
8 Brain 0.8 1.2 1.2 7.3 8.5 12.9 14.1 


* Dose =0.33 ec./kg. 


in these two structures. It was also demonstrated that posture exerted no 
significant influence upon the measured temporal phases of blood flow 
through the spinal cord. Although the range of variation appeared rather 
broad in this series, it was generally observed that in a given animal the 
speed and duration of flow of the indicator agent were remarkably constant. 
For this reason individual experiments were considered to have more signifi- 
cance than the mass of data compiled. An illustrative experiment comparing 
the rate of blood flow through the spinal cord and the cerebral cortex is 
presented in Table 1, and in Table 2 an experiment testing the effect of 
posture upon the circulatory dynamies of the spinal cord is shown. These 
studies illustrate the degree of agreement and the range of variation en- 
countered in studies with individual animals. 

Roentgenographic Studies. The significant value derived from the seria 


TABLE 2 


Temporal aspects of blood flow in spinal cord of a dog (411) in varied postures, measured 
with 0.5 per cent Na fluorescein indicator in 1 ec./kg. doses. 


= 
Circulation Times (Seconds) 


Obser- 

vation Position | Appear-  Cireula- — Arterial Regional Regional General General 
No. ance tion Exposure — 

Period Period Period Period 

1 Prone 3.1 2.0 4.4 4.7 6.7 15.¢ 17.3 

Prone | | 2.0 4.8 8.1 15.3 

3 Side 2.3 1.9 4.6 5.1 7.0 9.7 11.6 

+ Side 2.3 1.9 4.8 5.1 7.0 12.9 14.8 

5 Supine 3.5 2.8 4.8 5.7 8.0 10.3 12.6 

+ 2.2 4.4 5.6 7.8 ie 13.8 


6 Supine 3. 
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angiographic studies was the indirect figure of 4 sec. for the circulation time 
of the spinal cord. The contrast agent appeared in the anterior spinal artery 
immediately after the end of the injection (Figs. 1 and 2). This trunk re- 
mained visible for 3.5 sec. but the radiopaque medium could not be demon- 
strated in the posterior arterial trunk or more peripherally in the anterior 
arterial tree or in the intrinsic or pial venous circulation of the spinal cord. 
The anterior internal vertebral venous plexus began to fill 4 sec. after the 
anterior spinal artery (Fig. 3) and showed a gradually deepening opacity over 
the next 3 sec. (Fig. 4). Recirculation of the radiopaque media, particularly 
the Thorotrast, obscured the terminal features of the first circulation of 
these agents. 


DISCUSSION 


These observations confirm the findings of Minard concerning the value of 
fluorescein as an indicator agent in the study of the vascular dynamics of the 
central nervous system. The high degree of fluorescence obtained by low 
dilutions allows repetitive studies to be made at close intervals without the 
production of toxic effects. The barrier mechanisms between blood-brain 
and blood-cerebrospinal fluid compartments render the brain unique among 
the organs of the body in that progressive development of background 
parenchymal fluorescence, which prevents repeated tests upon somatic 
structures, is negligible over long periods of observation. 

While it is recognized that the anesthetic state lowers blood flow in the 
central nervous system,” and paralyzes the mechanisms regulating central 
vasomotor tone,* it is considered that these observations upon the anesthe- 
tized dog allow an approach to an understanding of the circulatory dynamics 
of the spinal cord in a normal state. Under these experimental conditions the 
circulation time of 1.9 to 3.4 sec. and the regional exposure time of 6.2 to 11.1 
sec. obtained for the spinal cord indicate that no striking difference in meta- 
bolic activity exists between the cord and the brain, for which a circulation 
time of 0.9 to 2.0 sec. and a regional exposure time of 6.0 to 12.7 sec. were 
obtained. This cerebral circulation time is in remarkably close agreement 
with the 1.2—1.8 sec. figures obtained for the monkey by Minard," which 
confirms the validity of these observations. Further confirmation is pro- 
vided by the studies of Landau et al.” Using the radioactive biologically 
inert gas CF;I"*! this group measured the rate of blood flow per gram of tissue 
in specific structures in the nervous system of the cat. The rate of flow 
through the spinal cord gray matter was 0.63 cc./gm./min., compared to 0.88 
for the association cortex and 1.25—1.38 for primary cortex. Comparative 
values for white matter were 0.14 for the spinal cord against 0.23 for the 
cerebrum. It would appear, then, that, using these figures as indicators of 
physiological activity, the spinal cord maintains a metabolic rate approxi- 
mately one-half to two-thirds the level of the cerebrum. On this basis it is 
difficult to understand the reason for the experimentally demonstrated 
resistance of the spinal cord to circulatory stasis. The most likely explanation 
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Fig. 1. Aortogram, early phase, showing first appearance of Diodrast in anterior spinal artery 
(arrow). This picture was made at zero time with reference to Figs. 3 and 4. 


Fig. 2. Enlargement of Fig. 1 showing the filling of the anterior spinal artery. 


Fig. 3. An enlarged field showing the disappearance of contrast medium from the anterior spinal 
artery and the early visualization of the anterior internal vertebral vein at 4 sec. 


Fic. 4. Maximal opacification of the anterior interior vertebral vein is observed at 7 sec. 
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for this phenomenon resides in the technical difficulty in producing absolute 
ischemia of the spinal cord.!:! 

From the recent review of Adams and van Geertruyden! of the anatomy 
of the vascular system of the spinal cord, drawn heavily from the classical 
study of Kadyi,’ and from our own observations,"”’ it is clear that the deseg- 
mented vascular pattern of the canine cord renders it directly comparable to 
that of man. From these studies it is clear that the canine spinal cord has no 
intrinsic features that render it particularly susceptible to the effects of 
contrast agents. It is even possible that the slightly slower circulation time 
is explicable on the basis that the observations, made upon the vascular tree 
of the posterior aspect of the cord, which largely represents the flow through 
white matter,’ reflect only the slowest aspects of the cord circulation. Fur- 
ther, in the supine position, which renders the dog most vulnerable to the 
effects of contrast agents, no alteration of the rate of circulation or of the 
application time of a standard injection has been observed. Thus, it is evi- 
dent that the factor of prolonged duration of exposure of the vascular bed 
of the spinal cord plays no part in the production of increased vulnerability 
of the spinal cord to contrast medium injury. In the dog the caudad anatom- 
ical position of the cord'® and the differential gravitational flow of radio- 
paque agents having a higher specific gravity than blood’® remain as the 
only factors of significance with regard to the augmentation of this injury. 

In addition to establishing the value of a modified fluorescein technic for 
the demonstration of the normal circulatory dynamics of the cord, these 
studies also provide fundamental data prerequisite as a background for the 
study of blood flow through the cord during the passage of nontoxic and 
toxic concentrations of contrast agents. Finally, they serve to encourage 
the exploration of instrumentational methods that will eliminate from these 
studies the factor of human error, a need that has been clearly demon- 
strated by Minard. Both of these latter projects are now under way in our 
laboratories. 

While the anterior spinal artery and the anterior internal vertebral 
venous plexus can be visualized by the serial radiographic technic, the failure 
to demonstrate the pial venous network of the spinal cord eliminates this 
method as a means of directly recording the circulation time of the cord. 
Considering that a longer circulatory pathway is measured when the anterior 
internal venous plexus is used as the venous reference point the observed 
circulation time of 4 sec. is consistent with the results of the direct fluorescein 
studies. 


SUMMARY 


The temporal phases of blood flow through the canine spinal cord and 
cerebral cortex have been measured by a fluorescein indicator method. The 
circulation time of the spinal cord varied from 1.9 to 3.4 sec. and that of the 
brain 0.9 to 2.0 sec. The duration of exposure (regional application time) to 
a standard dose of indicator dye was 6.2 to 11.1 sec. for the cord and 6.0 to 
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12.7 sec. for the cerebral cortex. The influence of posture upon the measured 
variables of the circulation has been tested, and found to be negative. The 
significance of these observations upon the interpretation of the mechanisms 
of contrast medium injury to the nervous system has been discussed. It is 
concluded that the cord has no intrinsic features of its circulation rendering 
it particularly susceptible to contrast medium injury. 

An attempt was also made to measure the rate of blood flow through the 
spinal cord by serial roentgenograms. While visualization of the anterior 
spinal artery was possible, the medullispinal veins could not be demon- 
strated. Hence, this technic was not adequate as a direct method of measure- 
ment of the rate of blood flow in the spinal cord. 


REFERENCES 


1. Apams, H. D., and van GeertruypeNn, H. H. Neurologic complications of aortic surgery. Ann. 
Surg., 1956, 144: 574-609. 

2. Botton, B. The blood supply of the human spinal cord. J. Neurol. Neurosurg. Psychiat., 1939, 
ns. 2: 137-148. 

3. Brecuer, G. A. Venous return. New York: Grune & Stratton, 1956, 148 pp. 

4. Broman, T., Forssman, B., and Otsson, O. Further experimental investigations of injuries from 
contrast media in cerebral angiography. Summation of various injurious factors. Acta radiol., Stockh., 
1950, 34: 135-143. 

5. Broman, T., and Otsson, O. Experimental study of contrast media for cerebral angiography with 
reference to possible injurious effects on the cerebral blood vessels. Acta radiol., Stockh., 1949, 31: 
321-334. 

6. Herren, R. Y., and ALexanper, L. Suleal and intrinsic blood vessels of human spinal cord. 
Arch. Neurol. Psychiat., Chicago, 1939, 41: 678-687. 

7. Hor, R., and Skserven, O. Spinal cord damage in abdominal aortography. Acta radiol., Stockh., 
1954, 42: 276-284. 

8. Inavar, D. H., and S6pErBerc, U. A new method for measuring cerebral blood flow in relation 
to the electroencephalogram. Electroenceph. clin. Neurophysiol., 1956, 8: 403-412. 

9. Kapy1, H. Ueber die Blutgefiisse des menschlichen Riickenmarkes. Nach einer im xv. Bande der 
Denkschriften der math.-natur. Classe der Akademie der Wissenschaften in Krakau erschienenen 
Monographie, aus dem Polnischen iiberzetzt vom Verfasser. Lemberg: Gubrynowicz & Schmidt, 1889, 
152 pp. 

10. Knisety, M. H. An annotated bibliography on sludged blood. Post Grad. Med., 1951, 10: 15-24; 
80-93. 

11. Krocu, E. Studies on the blood supply to certain regions in the lumbar part of the spinal cord. 
Acta physiol. seand., 1945, 10: 271-281. 

12. Lanpau, W. M., Freycanec, W. H., Jr., Rotanp, L. P., Soxouorr, L., and Kety, S. The 
local circulation of the living brain; values in the unanesthetized and anesthetized cat. Trans. Amer. 
neurol. Ass., 1955, 125-127. 

13. Marcouts, G., Tarazt, A. K., and Grimson, K. S. Contrast medium injury to the spinal cord 
produced by aortography. Pathologic anatomy of the experimental lesion. J. Neurosurg., 1956, 13: 
349-365. 

14. Minard, D. Fluorescein studies of circulation time in monkeys with the lucite calvarium. Naval 
Medical Research Institute, Bethesda, Md., Project N.M. 007 081.07.04, 1950, 1-14. 

15. Sun, T. H., and ALexanper, L. Vascular system of the human spinal cord. Arch. Neurol. Psychiat., 
Chicago, 1939, 41: 659-677. 

16. Taraz, A. K., Marcouts, G., and Grimson, K.S. Spinal cord lesions produced by aortography 
in dogs. Arch. Surg., Chicago, 1956, 72: 38-47. 


3 
é 


| 
ay 
fev 
| 
Gray 


GLIOMAS OF THE OPTIC PATHWAYS IN CHILDHOOD 


FRED D. FOWLER, M.D., ann DONALD D. MATSON, M.D. 
Neurosurgical Service, Children’s Medical Center, and the Department of Surgery, Harvard 
Medical School, Boston, Massachusetts 


(Received for publication January 17, 1957) 


two reasons: first, because their proper treatment is still a contro- 
versial subject and second, because of the importance of early rec- 

ognition in permitting possible surgical cure instead of palliation. Gliomas of 
the optic pathways make up a relatively small portion of neoplasms of the 
brain. Martin and Cushing” reported an incidence of 0.84 per cent in a series 
of 826 intracranial tumors. Taveras et al.** found 34 cases in a series of 2000 
gliomas (1.7 per cent). If the various reported series of optic pathway gliomas 
are inspected, it is found that approximately 75 per cent of these lesions 
occur in children under the age of 12.°:7:15-17,2°.31.32 Tn our clinic 13 cases of 
primary tumor of the optic pathways have been encountered among a series 
of 256 intracranial tumors in young children during the past 10 years. This 
is an incidence of 5.1 per cent in the total series and 7.0 per cent if only the 
gliomas are considered. 

Much emphasis has been placed on the fact that these tumors have only 
a slight malignant potentiality. Hudson" first pointed out that even after 
incomplete removal, patients may survive for 20 years or more without 
evidence of progression of the tumor. This has been confirmed by the 
experience of others.” McFarland and Eisenbeiss*® have even stated that 
if such a tumor is only partially removed it probably will not continue to 
grow. As recently as 1954, Marshall* said, “On theoretical grounds complete 
excision might be desirable, but recurrence after excision of the major portion 
is very uncommon.” Many of these statements have been made by ophthal- 
mologists on the basis of an anterior exploration of the orbit, an approach 
that makes it difficult to visualize the limits of the tumor. Also, since it has 
been well established that many of these gliomas grow very slowly, the oc- 
currence of intracranial symptoms 10-15 years after the original operation 
might not come to the attention of the original surgeon. Posner and Horrax*® 
have pointed out that even after known intracranial extension, these patients 
may survive for a long time, their only symptom being loss of vision. 

Analysis of the 13 patients seen at the Children’s Medical Center in the 
past 10 years with a verified diagnosis of optic pathway glioma reveals that 
on the basis of symptomatology and physical findings they fall into two 
groups, depending on whether the tumor is predominantly intraorbital or 
intracranial. This differentiation was first proposed by Dandy,* but has not 
been used by many subsequent authors. The following case histories illus- 
trate some of the important differences between these two groups. 


\ SMALL series of cases of optic pathway gliomas is being reported for 
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CASE REPORTS 


Intraorbital Glioma 


Case 1. M.C., a 43-year-old girl, was admitted to the Children’s Medical Center 
because of increasing prominence of the left eye of 2 weeks’ duration (Fig. 1). She 
had had no headaches and had noted no change in her visual acuity. Although there 
was some increased resistance to palpation of the globe, no tumor mass was palpable. 
The movement of the eye was unimpaired. Early papilledema was present in the 
left eye; the right fundus appeared nor- 
mal. Visual acuity was diminished to 
20/70 in the left eye and was normal in 
the right. Slight peripheral constriction 
was found in the visual field of the left 
eye, but the patient could not cooperate 
for detailed examination. There were no 
other abnormal findings and no evidence 
of von Recklinghausen’s disease. 

Roentgenograms showed the left or- 
bit to be slightly larger than the right, 
but the optic foramen was normal. Films 
of the skull were otherwise negative. A 
left carotid arteriogram showed no evi- 
dence of displacement of the intracran- 
ial vessels and no abnormality of the or- 
bital vascular pattern. 

A left transfrontal craniotomy was 
performed. On exploring the orbit, a dif- 
fuse reddish swelling of the optic nerve 
was found. Further exploration demon- 

strated that this tumor lay entirely within 

Fic. 1. Case 1. Appearance on admission to the orbit. The nerve was first amputated 
the hospital. Note the slight prominence of the from the globe. Intradural explorati f 
left eye which was the only reason for seeking 2 e Bt CXPLOTaiOn © 
medical attention. the chiasm was then performed and 

failed to show any abnormality of the 
intracranial portion of the optic nerve. The nerve was divided just in front of the 
chiasm, pulled through into the orbit, and removed. Since subsequent pathological 
examination showed that the tumor extended to the globe, the eye was enucleated 
16 days later and the patient was fitted with a prosthesis. 

Histologically, the resection extended 1 cm. behind the most proximal edge of the 
tumor and thus the neoplasm was considered to have been completely removed. 
The microscopic picture of this lesion was characteristic of an optic pathway glioma 
(Fig. 2). There was a matrix of fine neuroglial fibrils in interspaces of a delicate 
reticulated syncitium. The tumor cells were small with oval or elongated nuclei, some 
of which were darkly stained. Many of the cells showed vacuolization of the cyto- 
plasm. 

It is now 8 months since operation and the patient is asymptomatic (Fig. 3). 


Intracranial Glioma 


Case 2. A.P., a 7-year-old child, had a history of a squint of her left eye which 
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Fic. 2. Case 1. Histologic appearance of optic nerve glioma. Many of the bundles of nerve fibers are 
preserved and the tumor cells show no malignant tendency. There is marked hypertrophy of the pial 
septa. Toluidine blue-eosin stain, X 125. 


had first been noted 33 years previously. Shortly after the onset of this symptom 
language difficulty developed and within a period of a few weeks speech became in- 
comprehensible. She was examined by a doctor at that time who found that she 
could not see with her left eye. These findings did not progress and no specific therapy 
was instituted. Two weeks before admission to the Children’s Medical Center she 
began to have headaches for the first time which were associated with early morning 
vomiting. On physical examination she had weakness of her left lateral rectus muscle, 
but there was no proptosis of either eye. Papilledema was present in the right eye. 
The left fundus showed marked optic atrophy, and the eye was completely blind. 
Scattered over her body were café-au-lait spots and small subcutaneous masses 
characteristic of von Recklinghausen’s disease (Fig. 4). 

Roentgenograms showed the left optic foramen to be twice as large as the right. 
There was some erosion of the apex of the petrous ridge on the left as well as some 
destruction of the inferior surface of the anterior clinoid process. 

Operation disclosed a large tumor in the middle fossa arising from the left optic 
nerve. This was adherent to the left internal carotid artery and to the right optic 
nerve, but could be dissected free from these structures leaving them intact. The 
tumor extended into the orbit, but faded out posteriorly in the chiasm. The chiasm 
was amputated flush with the right optic nerve in order to spare the temporal retinal 
fibers on this side. The intracranial portion of the tumor was thus grossly removed. 
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Fic. 3. Case 1. Eight Fic. 4. Case 2. In addition to her ocular 
months following opera- findings this patient showed the café-au-lait 
tion. The patient is spots of von Recklinghausen’s disease. 


asymptomatic and has 
a prosthesis in place of 
the left eye. 


Fourteen days later the left orbit was explored through the previously made frontal 
craniotomy and the tumor was found to extend into the globe itself. The intraorbital 
portion of the optic nerve and the tumor were then removed. Six months later the 
globe was enucleated. 

Pathologically this tumor was designated as a glioma of the optic pathway. The 
lesion had been completely removed as far as could be determined by gross examina- 
tion, but there is a possibility of some remaining microscopic involvement in the left 
optic tract posterior to the chiasm. 

The child did well following surgery. The right nasal field of vision is still intact. 
One and a half years following her operation she began to show secondary sexual 
characteristics (age 9 years). It is now 3 years since the operation and 63 years since 
her symptoms first developed—she has occasional headaches, but is otherwise 
asymptomatic. 

SYMPTOMATOLOGY 


The average age of our patients is 44 years; there is an equal distribution 
of sex. The young average age is ascribable partially to the fact that these 


ay 


GLIOMAS OF OPTIC PATHWAYS IN CHILDHOOD 519 


patients came entirely from a pediatric population; however, this has also 
been the experience of other authors who have drawn their patients from a 
more widely scattered range of age. 

The presenting symptoms depend on the portion of the optic pathway 
that is first involved, and although the same pathological process may be 
seen either intraorbitally or intracranially, the clinical picture varies 
depending on the origin of the tumor. Within the primarily intraorbital and 
primarily intracranial groups there is a certain uniformity of findings. 

In the intraorbital group there are 4 children. None of these had evidence 
of von Recklinghausen’s disease. The initial symptom in all patients was 
proptosis of the affected eye. This proptosis, as noted by other authors, is 
nonpulsatile and is usually an axial protrusion of the globe directly forward. 
If displacement does occur as the tumor enlarges it is most frequently in- 
ferior and lateral. Christensen and Andersen’ have said that there is usually 
no impairment of extraocular movements. Although this would seem to be a 
reasonable statement, 2 of our 4 patients had some limitation of ocular motil- 
ity. This was not marked in relation to the degree of proptosis, however. In 
general, among orbital lesions, optic nerve gliomas are certainly much less 
apt to produce early alteration in eye movements than lesions of the bony 
orbit or of the extraocular muscles themselves. 

These patients were seen early—the time after initial symptoms being 
2, 4, and 5 weeks and 8 months. All had papilledema in the affected eye. 
Other writers have reported optic atrophy, but it may be that our patients 
were seen at such an early stage that this had not had sufficient time to 
develop. Two of these patients had decreased visual acuity on physical 
examination although they were unaware of it prior to admission to the 
hospital. Visual field examinations are unsatisfactory in this age group, but 
as far as could be determined none of the children had any obvious field 
defect. Although it is known that diffusely infiltrative tumors of this type 
often produce little interference with neurologic function, it may be that in 
older patients minor alterations in the visual fields can be found. 

Palpation of the orbit is abnormal in the presence of an orbital glioma. 
Usually the tumor cannot be felt, but examination will reveal increased 
resistance of the globe to posterior displacement. Although papilledema was 
present in all, none of the patients in the intraorbital group showed other 
evidence of increased intracranial pressure. The papilledema under these 
circumstances is caused by intraorbital rather than intracranial obstruction 
of venous drainage from the retina. 

Among the 9 patients in the intracranial group the symptoms and signs 
were quite different. In general, the history was somewhat longer than in 
the purely intraorbital group, averaging 20 months. Six patients had de- 
creased visual acuity as a presenting complaint. Again the determination of 
visual field defects was extremely difficult because of the young age of the 
patients. The finding of irregular bitemporal field defects as evidence of 
involvement of the intracranial portion of the nerve and chiasm has been 
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well described by Cushing’ and it is probable that if reliable examination 
could have been done this would have been evident. Only 2 patients pre- 
sented with proptosis, and both of these had intraorbital as well as intra- 
cranial tumor. Five of them had optic atrophy in the affected eye or bi- 
laterally, 1 had bilateral papilledema, and 2 had atrophy in one eye and 
papilledema in the other. 

Increased intracranial pressure was a frequent sign if the tumor was 
located intracranially. In addition to the eye signs, 3 of these children had a 
positive Macewen’s sign and 3 had an unsteady gait which was probably 
related to increased pressure. Further evidence of intracranial tumor are 
signs of hypothalamic dysfunction and occasionally other symptoms caused 
by involvement of structures in the neighborhood of the optic chiasm. In 3 
of our patients sexual precocity developed—at ages 7, 8 and 9. 

Four of the children in this group have von Recklinghausen’s disease. 
This corresponds well with the findings of other authors who have reported 
that about one-third of patients with optic pathway gliomas showed stig- 
mata of generalized neurofibromatosis.!°:?° One of these patients had a sib- 
Jing with von Recklinghausen’s disease and an optic nerve glioma. 


RADIOGRAPHIC FINDINGS 


It should be emphasized at the outset that gliomas of the optic pathways 
may be present either intracranially or intraorbitally without any alteration 
in the appearance of the plain roentgenogram. It should likewise be stated 
that the radiographic signs produced by these tumors are not pathogno- 
monic: they may be duplicated by other lesions in this area.??:** 

Plain orbital roentgenograms in patients with intraorbital gliomas may 
show evidence of enlargement of the optic foramina. The average normal 
foramen is bean-shaped with dimensions of 4.1 by 4.65 mm. It is always 
necessary to compare both sides in order to discover minor variations. It 
must be remembered, however, that the foramina are absolutely symmetrical 
in only 45 per cent of the normal population, in 40 per cent they may differ 
as much as 10 per cent in size, and in the remainder variations up to 20 per 
cent may be noted." The contour is normally smooth; therefore, any ir- 
regularity, hyperostosis, or erosion is apt to be pathological. The commonest 
abnormal finding in patients with gliomas of the optic nerve is a smooth, 
circular expansion of the optic foramen (Fig. 5). It is, of course, necessary to 
have films of good technical quality in order that the contour and dimen- 
sions of the two foramina can be compared. Enlargement of the optic fora- 
men also is found occasionally with other lesions, and therefore, although it 
is most frequently seen with optic nerve tumors, it is not always pathog- 
nomonic.! 

Various ancillary aids to roentgenographic diagnosis have been suggested. 
Orbital tomography has been said to give additional information about 
small intraorbital masses.** This has been modified by injecting air into the 
orbit prior to tomography." Such a technique may delineate small areas of 
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Fic. 5. Roentgenograms of the optic foramina in a patient with an intraorbital glioma. (A) Normal 
-ight foramen measures 4.0 mm.X4.5 mm. (B) Expanded left foramen measures 7.5 mm.X8.0 mm. Note 
«he more circular shape of the foramen. 


enlargement of the optic nerve which will allow differentiation between 
gliomas and other intraorbital tumors. In the use of tomographic techniques 
in this region the possible hazards of excessive roentgen exposure should be 
evaluated carefully, especially in young people. In our clinic we have had no 
experience with this procedure and we doubt the wisdom of its use as a 
routine diagnostic maneuver. It has been suggested that carotid angiog- 
raphy may be of assistance in the diagnosis of orbital tumors." This is 
primarily of value in differentiating optic nerve tumors from the more vas- 
cular orbital lesions, particularly angiomata and metastatic neoplasms. 

In 2 patients in our intraorbital group there was enlargement of the optic 
foramen. The tumor in these cases 
did not extend all the way through 
the optic canal (Fig. 6). If this radio- 
graphic sign had been used as a con- 
traindication to surgery, as has been 
suggested,** the opportunity for cur- 
ing these children would have been 
lost. Another of the intraorbital tu- 
mors caused slight enlargement of the 
entire orbit, the foramen being nor- 
mal. In 1 patient the plain roentgeno- 
grams were entirely normal. Angi- Fic. 6. Gross specimen of the tumor removed 
ography was performed in 2 of the _ from the orbit of the patient whose roentgeno- 
patients with intraorbital tumors and &™5 #% shown in Fig. 5. This tumor enlarged 


the optic foramen without extending intra- 
in both it was normal. cranially. 
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In the intracranial group the plain roentgenograms of the skull proved to 
be abnormal in all cases. In 4 of these patients the optic foramen was en- 
larged and in 2 the sella turcica was eroded. The characteristic deformity 
of the sella turcica associated with glioma of the optic pathway was first 
described by Martin and Cushing in 1923.27 This is a pear-shaped configura- 
tion of the bony contour produced by erosion of the tuberculum sellae and 
the anterior clinoid process (Fig. 7). In 3 patients both the sella turcica 


Fic. 7. Characteristic deformity of the base of the skull produced by an intracranial glioma of the 
optic nerve eroding the tuberculum sellae. 


and the optic foramen were altered. Therefore, in this group, all patients 
showed some abnormality in the plain films. 

A further aid in defining the extent of these tumors is pneumographic 
examination of the basilar cisterns.*:’ Such a technique may outline even a 
small mass lying in the region of the optic chiasm. Angiography also may be 
of some help, although deformities of the anterior portion of the circle of 
Willis would not be noted unless a rather large mass were present. If the 
patient has signs and symptoms of increased intracranial pressure it is likely 
that there is a mass obstructing the ventricular system; in these circum- 
stances, ventriculography is the safest and most instructive manner in which 
to visualize the extent of the tumor. 


PATHOLOGY 


The optic nerve is not a cranial nerve in the usual sense, but, rather, an 
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extension of a tract of the brain and, therefore, it contains the same glial 
elements that are to be found elsewhere in the central nervous system. It 
might thus be expected that tumors arising in this region could derive from 
any of the glial cells of the brain, and this is probably the case. There have 
been convincing reports of glioblastoma multiforme originating within the 
optic nerve,*! but as a rule gliomas of the optic pathways are more benign. 
Occasionally verified gliomas have been reported to involve the retina it- 

Some authorities have considered that the majority of these tumors are 
derived from cells of the astrocytic series." A great deal of evidence has been 
accumulated on the other hand through the use of special stains to show 
that the predominant cell is an oligodendrocyte rather than a spongioblast 
or astrocyte.®!* The possible oligodendrocytic origin of these lesions is of 
particular interest in view of the association of these tumors with von 
Recklinghausen’s disease, as oligodendrocytes are probably the counterpart 
in the central nervous system of the Schwann cells in the peripheral nerve. 
Regardless of what the primary cell may be in this neoplastic process, the 
tumors seem to have a consistent histologic pattern and therefore they have 
been designated only as gliomas of the optic pathways rather than by a 
more specific histologic classification. 

The usual pathologic picture seen in these lesions is generalized swelling 
of the nerve with hypertrophy of the pial septa. There is scant vasculariza- 
tion of the tumor and the walls of the vessels are usually normal. Within 
these tumors Christensen and Andersen* described four distinct cell types. 
There are small cells with round nuclei and delicate fibrils which seem to be 
identical with the normal oligodendroglia of the brain. As transition from 
these there are coarsely reticulated cells that are polygonal in shape with large 
dark nuclei and fewer fibrils. These cells are oligodendrocytes and are found 
typically in this type of neoplasm. There are also sickle-shaped cells of astro- 
cytic origin and occasional large cells resembling neurones which sometimes 
have more than one nucleus. There are frequently some degenerative changes 
such as vacuolization of the cytoplasm.* In general, the histologic picture is 
one of a mature and benign glioma. This is verified clinically by their slow 
rate of growth and by the fact that they have shown no tendency to metas- 
tasize by way of either the blood stream or subarachnoid pathways. 

All the tumors in this series conform reasonably well to the above descrip- 
tion. There was no apparent difference between the intraorbital and intra- 
cranial tumors histologically. Likewise, the tumors in patients with von 
Recklinghausen’s disease did not vary to any significant extent from the 
others. 

As has been mentioned, in addition to this characteristic type of lesion 
there may occur typical tumors of the astrocytic series; more malignant 
neoplasms, such as glioblastomas, have also been reported. There were no 
such lesions found in our patients. 
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TREATMENT 

These tumors were originally treated usually by ophthalmologic surgeons 
who exposed them anteriorly through the orbit. This was considered to be 
the safest method, which it probably was, 40-50 years ago, despite the fact 
that it was associated with a 10 per cent incidence of meningitis.!* Although 
the danger of infection is less of a problem at present, there are certain 
major disadvantages of the anterior approach which pertain even today. 
By this route is not possible to expose the region of the optic foramen ade- 
quately, and extension of a tumor through the foramen cannot be seen— 
much less treated properly. The use of roentgen examination to exclude 
intracranial extension of a predominantly intraorbital lesion is not justified.‘ 
Therefore, it is not possible to be sure prior to operation whether the neo- 
plasm is completely intraorbital. It does not seem reasonable to be satisfied 
with incomplete removal on the assumption that the remainder of the tumor 
can be expected to stop growing or regress spontaneously. 

The statement has been made by Marshall® that operations in the region 
of the chiasm are not only dangerous, but often fatal because of damage 
to vital centers. The recent paper by Love and Benedict” in which they 
reported only 1 death in 35 patients who had removal of intraorbital tumors 
by the transcranial route would seem to refute this argument. The use of 
cortisone and adrenocorticotrophic hormone as an adjunct to the surgery of 
parasellar lesions has improved the morbidity and mortality of such pro- 
cedures.!® Certainly intracranial exploration of the chiasm for evaluation of 
extent of the tumor and the possibility of radical resection should nowadays 
carry a negligible risk. 

With the exception of 2 patients who had had surgical treatment prior to 
coming under our care, a uniform operative approach has been used. With a 
presumptive diagnosis of glioma of the optic pathways a transfrontal expo- 
sure of the roof of the orbit and the region of the chiasm is performed. If there 
are definite clinical signs of intraorbital involvement, the roof of the orbit is 
removed extradurally. The orbit can thus be decompressed and explored 
adequately. If tumor is found in the nerve a resection up to the globe is done. 
Whether or not there is clinical evidence of intracranial extension it is wise 
to open the dura mater and visualize the nerve and chiasm. In most in- 
stances it is best to resect the optic nerve back to the chiasm. This does not 
give the patient any additional disability to that already sustained in the 
intraorbital procedure and does provide further assurance that the tumor 
has been completely removed. Indeed, on occasion, it may be possible to 
remove an involved portion of the chiasm itself if it is felt that this will 
insure complete excision of the neoplasm. Such a procedure may further im- 
pair the patient’s vision in the opposite eye, but 4 hemianopic field of vision 
is not an intolerable neurologic defect, and is justified if complete removal 
can be accomplished. If, however, there is gross involvement of the entire 
chiasm or the optic tract so that complete removal is precluded, it is better 
to be more conservative and remove only sufficient tissue for biopsy. If, in 
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such a case, there is any remaining vision in the affected eye it is our feeling 
that careful decompression of the orbit and optic canal may give the best 
chance for improvement, or at least for delay in further visual loss. It is 
likely in this circumstance that the patient will have a reasonably long 
period of survival with slow progression of symptoms. There is certainly no 
justification for increasing disability by an operation that will not be cura- 
tive. 

It is only by this type of exploration that the tumor can be evaluated 
properly and those patients selected in whom complete surgical extirpation 
is warranted. Certainly at the present time surgery is the only definitive 
method of curing these patients. When complete removal of the intraorbital 
and intracranial portions of the tumor has been accomplished and it is found 
that the tumor has extended into the globe, enucleation followed by inser- 
tion of a prosthesis may be done by the ophthalmologist at a later date. It is 
possible to leave the eye in place if there is no neoplasm in the distal end of 
the nerve; however, in all of our patients enucleation proved necessary in 
order to achieve complete excision of the tumor. 

In the 4 patients with purely intraorbital tumors the above method of 
therapy was used, and in all it was found histologically that the tumor had 
been completely resected. These patients are now living and well 1 month, 
8 months, 5 years, and 8 years following operation. All of these patients have 
normal vision in the remaining eye. 

Of the 9 patients in the intracranial group 2 died postoperatively. These 
were the 2 earliest cases in our series. In both there was found to be a large 
intracranial mass from which a biopsy was taken, no attempt being made to 
remove the entire tumor. Both of these children died within 3 days of their 
initial operation in status epilepticus. There was no evidence of operative 
complication found at postmortem examination and no adequate anatomical 
explanation was found for their death other than the large tumor extending 
posteriorly in the middle fossa together with a minimal degree of cerebral 
edema. These patients were both operated upon prior to the availability 
of cortisone. 

The other 7 patients of the intracranial group are living, 6 of them with 
useful vision. The patient who is blind had already lost all vision prior to 
operation. One of these patients is 7 years from the time of his initial opera- 
tion, 3 are 4 years, 1 is 2 years, 1 is 6 months, and 1 is 1 month. Unfortu- 
nately, most of these patients are too young to allow accurate objective 
measurement of visual acuity, but at least they are all carrying on without 
special visual or sight-saving aids. Three patients have subsequently shown 
sexual precocity, that is, adolescent secondary sexual characteristics devel- 
oped before the age of 8 or 9. The others are either still too young or have 
shown no evidence of premature sexual maturation. No objective analyses 
of endocrine function have been carried out on the whole group. 

Four of the 7 remaining patients had partial removal of the intracranial 
mass; 1 had a grossly complete removal of the intracranial mass as well as 
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removal of the intraorbital portion of the optic nerve and globe. Two pa- 
tients had only exploration of the chiasm with no attempt to excise the lesion 
because it was found that there was extensive involvement of both optic 
nerves and chiasm. In those patients who have an inoperable intracranial 
mass causing increased intracranial pressure by blocking the anterior portion 
of the third ventricle, a cerebrospinal fluid shunting procedure may give 
symptomatic relief. This was done in 1 of our patients by performing a bi- 
lateral ventriculocisternostomy. 

The use of roentgen therapy in these lesions is a subject of some debate. 
Evaluation of any such therapy is difficult because many of these tumors 
grow very slowly even without any definitive treatment. Thus, length of 
survival cannot in itself be used as a criterion of the efficacy of roentgen 
therapy. Many of the recorded statements must be regarded as clinical im- 
pressions, since many of the data on which they are based do not bear 
statistical scrutiny. 

Duke-Elder™ is of the opinion that roentgen therapy is of little value. 
Cohen® recognizes the fact that these tumors are very slowly growing, but 
in some cases he feels that radiation treatment seems to be of limited value. 
More recently Taveras et al.** reported that roentgen therapy is effective in 
the treatment of these lesions. However, of 17 patients with verified gliomas 
with adequate follow-up in their series only 4 were objectively improved 
(using the criterion of visual acuity). In the other 13 patients there was either 
no change or they continued to have slow progressive visual loss, as is 
usually expected. The most significant results were noted in a group of 9 
patients in whom the diagnosis was made only on clinical and radiographic 
evidence. Of these, 6 patients were definitely improved clinically, and some- 
times to a remarkable degree. It is felt, however, that such observations 
must be considered with reservation because of the occurrence of other 
lesions simulating these gliomas both clinically and radiologically, and thus 
possibly giving rise to misleading conclusions. Although this report indicates 
that roentgen treatment has been of value in certain cases, there is no proof of 
an appreciable effect on the majority of these lesions. 

None of our patients with purely intraorbital lesions was given post- 
operative roentgen therapy since it was felt that total surgical excision had 
been accomplished. Among the intracranial group 1 was given a depth dose 
of 4850 roentgens to the region of the chiasm and involved orbit and 1 was 
given 2830 roentgens to the intracranial portion of the optic nerves and 
chiasm. There was no evidence of improvement of vision in either of these 2 
patients; however, their signs have not progressed significantly 6 months and 
4 years after treatment. In the 5 patients who had no therapy other than 
partial surgical excision the results are comparable. It would seem reasonable 
in our opinion, therefore, that if a glioma of the optic pathways cannot be 
completely excised it would be well to give roentgen therapy to the areas 
involved in the hope that it might be of some value in delaying further 
growth. Based on our own limited experience it cannot be assured that any 
improvement in neurologic status will take place after such treatment. 
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SUMMARY 

Gliomas of the optic pathways are slow-growing, non-metastasizing brain 
tumors occurring predominantly in childhood. The presenting signs depend 
on whether the neoplasm originates from the intraorbital or intracranial 
portion of the optic pathway. 

Progressive unilateral proptosis combined with decreasing visual acuity 
is the common presenting clinical picture in the primarily intraorbital glio- 
mas. Increased intracranial pressure combined with decreasing visual acuity 
is the characteristic feature of primarily intracranial optic pathway gliomas. 

Enlargement of the optic foramen and deformity of the sella turcica as 
seen by roentgenograms are suggestive but not diagnostic of this tumor and 
do not reliably indicate the extent of the lesion. 

On the basis of our recent experience with 13 tumors in children under 12 
vears of age and information gained from review of the reported experience 
of others, it is felt that transfrontal craniotomy and orbital unroofing offers 
the best opportunity for satisfactory evaluation of the extent of these lesions, 
and the only opportunity for complete removal when this is surgically 
feasible. Total excision in 5 of our 13 cases is felt to have been accomplished. 

When complete excision is inadvisable, histologic verification by biopsy 
is recommended, followed by roentgen therapy in the hope of slowing down 
further growth of the tumor. If an inoperable chiasmal tumor extends into 
the orbit and there is remaining vision, orbital decompression as well as ir- 
radiation is recommended. 
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HE recent literature has contained some publications regarding the 
surgical treatment of thrombosis of the carotid artery in the neck. The 
reader gains the impression that the results have been quite encourag- 
ing. However, the follow-up has been extremely limited in value in assessing 
the usefulness of the various procedures because of the lack of any post- 
operative angiograms demonstrating restoration of circulation through the 
surgically treated thrombotic area. At the present time there are 4 surgical 
methods employed in the treatment of a thrombosed carotid artery in the 
neck. These are: 1) excision of the thrombosed segment and anastomosis of 
the severed ends of the artery, 2) excision of the thrombosed segment and 
replacement with an arterial or venous graft, 3) simple excision of the clot, 
and 4) thrombo-endarterectomy. Thrombo-endarterectomy seems to have 
gained the greatest popularity in the actual number of procedures carried 
out for this disorder. We wish to present 3 patients with symptoms caused 
by a thrombosed carotid artery in the neck proven by arteriography and 
surgically treated, with follow-up arteriograms and surgical explorations in 
2 patients. All 3 patients improved following operation in the neck on the 
thrombosed artery—yet in 2 cases circulation had not re-established itself 
through the thrombosed segment. 

The current interest in thrombosis of the carotid artery may have ob- 
tained its impetus from the surgical report of Webster ef al.’ in 1950 and 
from Fisher’s* study of the pathology and frequency of this condition pub- 
lished in 1951. Webster et al.’ had reported 4 cases of spontaneous thrombosis 
of the carotid arteries in the neck in which the thrombosed segments were 
removed and the vessels were ligated. One patient surprisingly improved 
following this procedure. Denman et al.,? in 1955, reported a patient in whom 
the thrombosed segment was excised and replaced with an arterial homo- 
graft. This would seem to be an excellent method, but the results have not 
been encouraging. Eastcott et al.,’ in 1954, reported restoration of arterial 
continuity in a case in which direct anastomosis of the internal to the com- 
mon carotid artery was done after excising a partially occluded carotid 


* Presented in part at a meeting of the Southern Neurosurgical Society, Nashville, Tennessee, March 
16, 1957, and a meeting of The Fellows Society, Montreal Neurological Institute, Montreal, April 29, 
1957. 


529 


} 
‘ 
: 
| 
| 
~ 


530 IRA J. JACKSON AND STANLEY M. FROMM 


bifureation and ligating the external carotid artery. However, there was no 
postoperative arteriogram, and the sole evidence of improvement was the 
relief of the patient’s intermittent attacks of hemiplegia and absence of 
abnormal neurological findings. Lin et al.,° in 1956, reported the only success- 
ful restoration of circulation through the thrombotic area by means of 
excision of the bifurcation of the carotid artery and replacement by a 
saphenous vein graft. Three months later angiograms proved the graft to be 
patent. Arnstein! recently treated 10 patients by thrombo-endarterectomy. 
He stated that the simple excision of a thrombosed segment had been carried 
out by several different investigators and that he was not aware of any 
single reported patient being benefited following this procedure and that it 
had been tried in a sufficiently large number of cases by different surgeons. 
He also reported no success in anastomosing the common to the internal 
carotid artery after excising the thrombosed segment. However, some of the 
results following thrombo-endarterectomy were encouraging. He felt that 
the earlier a patient was operated upon the better the results would be. 
Again, no arteriographic or exploratory procedures were carried out to 
demonstrate adequate circulation through the previously thrombosed 
segment. Recently, Webster ef al.* recorded 70 patients with thrombosed 
carotid arteries in the neck, of which 41 had an exploration and excision of 
the thrombosed vessel. In only 1 patient was there bleeding from the distal 
portion of the carotid artery after excision of the thrombosed segment, 
suggesting that the vessel might have been patent above the level of throm- 
bosis. All patients showed evidence of atherosclerosis and none exhibited any 
canalization that appeared to be functioning. However, they gave no statis- 
tical analysis of the surgical results. Three of their patients were treated by 
reconstruction of the bifurcation after excision of the atheromatous segment 
and in each re-thrombosis occurred. They merely stressed the clinical picture, 
the ability to diagnose, and suggested the possibility of treatment by arterial 
graft. They hoped by excising the thrombosed segment, there would be no 
further emboli propagating from the thrombus. 

Therefore, although the literature contains reports of surgically treated 
patients with this condition there is no adequate analysis of the results other 
than to say that there has been some improvement neurologically with 
cessation of attacks but no direct proof that the surgical procedure itself re- 
established circulation. 

The purpose in presenting the following 3 cases is to suggest that the 
clinical improvement frequently observed after surgery on the thrombosed 
carotid artery in the neck may well be unrelated to the operative procedure 
as evidenced by our postoperative arteriograms and re-explorations. 


CASE REPORTS 
Case 1 (U.H. #9535-F). F.R., a 51-year-old white male, was admitted to the 
Neurosurgical Service of the John Sealy Hospital on Feb. 14, 1956 with the history 
of a sudden onset of hemiplegia and aphasia in September, 1949. He had had several 
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previous admissions since 1949, with a diagnosis of thrombosis of the left middle 
cerebral artery. Over the past few years speech and right-sided movement had im- 
proved. However, he had begun to experience seizures and headaches of progressive 
severity. 

Examination revealed right spastic hemiparesis with a moderate degree of 
aphasia. On Feb. 17, 1956, pneumoencephalography showed a contracting lesion 
of the left cerebral hemisphere. On the same date, a left carotid arteriogram demon- 
strated thrombosis of the cervical portion of the left internal carotid artery. On 
Feb. 27, 1956 an arteriosclerotic plaque and clot were removed from the internal 
carotid artery and an anastomosis of the external carotid artery to the internal 
carotid artery above the thrombosed segment was done in order to attempt to re- 
establish circulation. The proximal portion of the internal carotid artery was 
ligated. 

At the time of discharge from the hospital the patient felt improved. Objectively 
there was slight improvement of movement of the right hand and speech was slightly 
better. 

The patient continued to improve. In order to determine the patency of the 
anastomosis, he was re-admitted 3 months later. On May 15, 1956, left percutaneous 
carotid arteriography was attempted but we were unable to puncture the artery. 
The vertebral artery was unintentionally entered. A week later, the left carotid 
artery was explored in the neck. A thin, cord-like, bloodless structure representing 
the remnants of the carotid artery was found. It should be pointed out that weak 
pulsations were felt preoperatively in the neck which in retrospect were caused by 
tugging of the aorta on the completely thrombosed carotid. 

Comment. Certain important conclusions can be drawn from our observa 
tions on this patient. The aorta can tug sufficiently on a thrombosed, cord- 
like carotid artery to produce the effect of pulsations to the examiner. More 
important, the patient improved even though the vessel was completely 
thrombosed. After the anastomosis he improved further, suggesting that 
circulation had been re-established. However, exploration of this vessel 3 
months later revealed only a solid cord of tissue, indicating that the surgical 
procedure had actually increased the degree of thrombosis which now in- 
volved the common, external and internal carotid vessels. In spite of this, 
the patient’s clinical picture was improving, indicating an increasing devel- 
opment of an adequate collateral circulation from the opposite carotid 
artery. The left middle and anterior cerebral vessels were not visualized in 
the vertebral angiogram, suggesting that any collateral circulation must 
take place from the opposite carotid system. Had the re-exploration of the 
operative site been omitted, one would have felt that the anastomosis had 
contributed to the patient’s improvement. 

Case 2 (U.H. $2793-M). K.F.S., a 52-year-old white male, was admitted to the 
Neurosurgical Service of John Sealy Hospital in June, 1956, with a history of progres- 
sive weakness of the left upper extremity beginning 2 weeks before admission and 
then improving. 

However, on admission the patient had weakness of his left hand and increased 
left deep tendon reflexes. Carotid arteriography revealed an incomplete thrombosis 
of the right internal carotid artery (Fig. 1). Several days later a thrombo-endarterec- 
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tomy was done. Postoperatively the paresis improved for 2 weeks followed by regres- 
sion. 

He was re-admitted on July 24, 1956, with weakness of the left leg and arm which 
was more pronounced than on the first admission. The following day, a carotid 
arteriogram showed complete obstruction of the right internal carotid artery at its 
origin (Fig. 2). Therefore, 2 days later, the right internal carotid artery in the neck 
was re-explored. At surgery the external carotid artery appeared somewhat larger 
than normal and was pulsating. The internal carotid artery appeared as a mere piece 
of scar tissue and did not pulsate. It is dubious as to whether the internal carotid 
artery could even have been identified if it were not for its relation to the external 
and common carotid arteries. The internal carotid artery was incised and a small 
thrombus was removed together with a considerable amount of calcified and de- 
generated intima. The entire length of the internal carotid artery in the neck was 
completely obliterated and, therefore, no anastomosis could be done. Postoperatively, 
this patient did show some improvement in his hemiparesis and even at this writing 
7 months later, improvement is still evident. 


Comment. In reviewing the second arteriogram, which showed complete 
occlusion of the internal carotid artery in the neck, filling of the carotid 
siphon intracranially was seen. The filling of the carotid siphon can be traced 
to the external carotid artery via the ophthalmic artery, as shown in Fig. 2. 


Fig. 1. Case 2. Carotid arterio- 
gram showing incomplete occlusion 
of cervical internal carotid artery. 
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Fic. 2. Case 2. Arteriogram showing complete occlusion of cervical internal carotid artery and intra- 
cerebral blood flow through the collateral system consisting of the external carotid and ophthalmic ar- 
teries. (External carotid and ophthalmic arteries and intracranial carotid siphon are outlined in ink for 
better visualization in photograph.) 


Therefore, this patient’s improvement was not ascribable to the thrombo- 
endarterectomy but merely to the establishment of the collateral circulation 
of the external carotid artery and ophthalmic artery, as is well demonstrated. 
However, if the second exploration and arteriogram had been omitted with 
the patient continuing to improve as he has done, one would have felt that 
the initial thrombo-endarterectomy was beneficial. 


Case 3 (U.H. #27168-M). O.A.H., a 46-year-old white male, was admitted on 
June 13, 1956, with a 2-week progressive loss of the use of his right upper extremity. 
Neurological examination revealed an increase in the right deep tendon reflexes 
and weakness of the right upper extremity. A left carotid arteriogram demonstrated 
complete obstruction of the internal carotid artery. On June 28, 1956, a thrombo- 
endarterectomy was performed. Postoperatively, the patient improved. No follow- 
up procedures have been done. 


DISCUSSION 


The surgical treatment of thrombosis of the carotid artery in the neck is 
relatively new and the impression that one gains from the literature is 
generally encouraging. Thrombo-endarterectomy has been most frequently 
employed. Another procedure used occasionally is an anastomosis of the 
external carotid into the internal carotid artery above the thrombosed 
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segment. The replacement of the thrombosed segments by arterial grafts 
has been advocated, though rarely done. From our perusal of the literature 
we find only 1 example of arteriography or re-exploration of the thrombosed 
areas after surgical repair. 

Clinical improvement has been reported following thrombo-endarter- 
ectomy. Such was observed in our Case 2, although postoperative angiog- 
raphy and re-exploration revealed complete thrombosis. This patient’s 
improvement was probably caused by an increased circulation to the affected 
hemisphere through the collateral supply of the external carotid and oph- 
thalmic arteries and not through the site of the thrombo-endarterectomy. 
This is adequately demonstrated in Fig. 2 showing filling of the carotid siphon 
from the ophthalmic artery. This increase in collateral circulation was 
pointed out previously by Vaernet.® He described 4 patients with thrombosis 
of the carotid artery in the neck and collateral circulation through the 
external, ophthalmic and intracerebral vessels on the affected side. None of 
these patients was a surgical patient. These examples should certainly cau- 
tion one against sacrificing the external carotid artery in patients with 
thrombosis of the internal carotid artery. One might well assume that the 
improvement of many of the patients subjected to thrombo-endarterectomy 
was actually caused by an increased collateral circulation via the external 
carotid artery and not by restoration of circulation through the site of the 
previous thrombosis. Of course, one is always aware of the fact that the 
collateral circulation can also come from the opposite carotid artery or the 
vertebral system. 

In Case 1, the patient improved following the anastomosis of the external 
carotid artery to the internal carotid artery above the thrombosed segment, 
as has been reported by others. It should be noted that this patient had 
slowly improved over the years after his initial thrombosis but improved 
further following our surgical procedure. It, therefore, appeared that the 
patient had benefited from this anastomosis as evidenced by his improve- 
ment in speech and movements of the hand. However, the re-exploration 
demonstrated very clearly that circulation had not been re-established. 
Actually, the thrombosis was more extensive, involving the common and 
external carotid arteries; and obviously, the patient’s improvement must 
have occurred from collateral circulation either from the opposite carotid 
artery or basilar system. However, in this instance it was probably not from 
the basilar artery, as evidenced by the vertebral angiogram, in which there 
was no filling of the anterior or middle cerebral arteries. 

We wish to suggest that the previously reported improvements in pa- 
tients with carotid artery thrombosis in the neck following a thrombo- 
endarterectomy or arterial shunt are the result of various collateral systems 
coming into play and are probably unrelated to the operation. However, 
this does not mean that further surgical attempts should be denied but that 
the procedure itself must be perfected and it must also be proven by post- 
operative angiograms or exploration that this segment is now functioning. 
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SUMMARY 


Three patients are presented with thrombosis of the cervical portion of 


the internal carotid artery treated by thrombo-endarterectomy or anastomo- 
sis of the external carotid artery to the internal carotid artery above the 
thrombosis. All patients improved postoperatively. However, postoperative 
angiograms and surgical exploration revealed further thrombosis rather than 
re-establishment of circulation. 


We wish to emphasize caution in the interpretation of favorable results. 
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1947, and continuously modified by others, too numerous to mention, 

remains an unstandardized experimental procedure for want of a 
method for creating a lesion of predictable size and shape, let alone accuracy 
of placement. For relatively acute work in the laboratory, the use of stereo- 
taxically implanted radioactive spheres, 0.86 mm. in diameter, met some of 
these requirements. The isotopes were Pd! and Au'®’. Therefore, a study 
of long-standing lesions was undertaken before applying the method on a 
clinical level, since others!:* have noted delayed effects after exposing the 
brains of laboratory animals to x-radiation, and the betatron beam. This 
report is restricted to a description of gross and microscopic changes 8 to 
23 months following implantation of Au!®* and Pd!® spheres, and evaluation 
of the method as an experimental neurosurgical adjunct. A method for 
accurate placement of the implanting trocar in the brain of man will be given 
in an additional communication.’ 


Cis stereotaxic neurosurgery, first introduced by Spiegel et al.° in 


PHYSICAL DATA 


Pd! is a pure source of beta radiation. In contrast, Au'®* emits both 
beta and gamma radiation, but is an excellent source of beta particles in the 
doses used in these experiments. The maximum energies of the beta particles 
emanating from both these sources are nearly identical, 0.95 and 0.97 mev. 
respectively. Approximate computations based on the strengths used in this 
study indicate that the gamma radiation of the Au'®* spheres contributes a 
negligible fraction of the dose of radiation delivered within the area of tissue 
destruction. It was anticipated that the lesions would be discrete because of 
the limited penetration of beta particles in tissue. Adjustment of the size 
of the lesion was possible up to a point by increase in the strength of the 
source beyond the minimum for tissue destruction. However, the relation 
between these two quantities is not direct; it depends upon a number of 
factors such as beta ray attenuation, scattering, and the inverse square 

* Supported by grants from the Veterans Administration (Contract #V1001M-3203), Eli Lilly and 


Company, and the James Foundation. 
t Now at Ullevaal Sykehus, Oslo, Norway. 
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law. When a diameter of a lesion is required that exceeds the particle range 
of a certain pure beta emitter, it can best be obtained by employing an 
isotope that is a source of beta particles of greater maximum energy.** This, 
however, would not be the case with a source of both gamma and beta radia- 
tion, such as Au!**. For, when the strength of a mixed source is increased to 
the point that the gamma radiation becomes effective beyond the range of the 
beta particles, the diameter of the lesion will be increased roughly in accord- 
ance with the inverse square law. For this reason, it follows that gamma 
radiation will not produce a lesion as precisely demarcated as beta with its 
more limited range in tissue. It is this characteristic that makes a pure source 
of beta radiation the material of choice in stereotaxic neurosurgery. Addi- 
tional physical factors, which must be taken into consideration in planning 
the volume of a lesion, are half life and self-absorption of beta particles 
within the source, both of which influence not only dose but rate of dose.*:4 


EXPERIMENTAL DATA 


In studying the late effects of beta radiation, a series of 12 cats were 
prepared. In 8, Au'®* spheres, delivering from 0.5 to 2.05 me., were placed in 
the caudate nucleus. Placements were unilateral on the right in 5; bilateral in 
3. Survival time was varied from 305 days to 717 days. In 4 cats, unilateral 
placement of Pd!°* spheres, delivering from 2.88 to 3.50 me., was carried out. 
The survival time was 253 days in each animal. 

All cats were observed at regular intervals. Those with Pd!°* implanta- 
tions showed no change in behavior or nutritional status. The same was true 
of the cats with unilateral Au'®* placements. In the animals receiving bi- 
lateral implantations of Au'®* there were transient and inconsistent neuro- 
logical changes. These included piloerection, anisocoria and contraction of 
the nictitating membrane. The piloerection was maintained longest in a cat 
in which there was damage to the internal capsule. It was felt that these 
changes were probably caused by transient edema involving structures 
adjacent to the caudate nucleus or by injury to such regions in the insertion 
of the spheres. 

All animals were killed under anesthesia by a method described else- 
where,** except for one, which died of intercurrent disease on the 471st day 
of the experiment. After thorough hardening of the brains in 10 per cent 
formalin, a single coronal section was made so as to expose the region of 
implantation for gross inspection. Following this, the brains were cut in thin 
coronal planes. Histological sections were prepared from one frontal and one 
occipital plane, from pons, medulla and cerebellum, as well as from the 
spinal cord. The entire region adjacent to the sphere was embedded and 
histological sections were prepared from many levels. Staining technics 
included hematoxylin and eosin, gallocyanin with and without van Geison’s 
counterstain, Sudan black, Weil’s method for myelin and Mallory’s phos- 
photungstic acid-hematoxylin. 

At gross inspection of the caudate nucleus, the lesions were seen as small, 
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Fic. i. Area of sphere placement in the caudate nucleus. Dosage 1.7 me.; Au'®; 496 days. 
Weil's stain, X18. 


cystic areas with the sphere at the center. Further gross dissection of the 
brains showed no further abnormality except in one animal. This cat had an 
extensive bilateral symmetrical hydrocephalus, which was probably un- 
related to the experimental procedure because the dose was small (0.5 me.) 
and placement was unilateral. 

Results with Aw®* Spheres. In 7 animals, placement of the sphere was 
accurately within the substance of the caudate nucleus. The eighth animal 
was the cat with hydrocephalus, which may have altered the position of the 
caudate nucleus; this sphere was not recovered at autopsy. In some animals, 
there was a rim of tissue between the lesion produced and the ependyma 
medially (Fig. 1), and between the lesion and the internal capsule later- 
ally. In others, the zone of tissue destruction reached and interrupted the 
ependymal surface (Fig. 2.) The lesion then appeared as a dimple, visible 
grossly. 

In other respects, the zones about the spheres were very uniform, and 
can be described as a group. Each was roughly oval in outline and measured 
from 2.0 to 4.0 mm. in diameter as studied in histological sections after paraf- 
fin embedding. At the center, there was a cavity slightly larger than the 
sphere (which had been removed from the paraffin blocks). In this inter- 
vening region, there were delicate strands of collagenous tissue and rare 
capillaries arranged in a very loose-textured meshwork (Fig. 3). Astrocytes 
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Fic. 2. Area of sphere placement in the caudate nucleus. In this animal, the zone of injury reached 
the ependyma. Dosage 1.7 me.; Au'®*; 496 days. Weil's stain, 50. 


Fic. 3. Edge of area of sphere placement in the caudate nucleus. The delicate network, mostly col- 
lagenous, about the sphere is at the top. In the center is the astrocytic reaction in the surrounding tissue. 
Note the preservation of nerve fibers up to, and even into, this zone. Dosage 1.3 mc.; Au'; 471 days. 
Weil’s stain, X 175. 
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in this zone were few. In one cat, a small amount of phagocytosed hemo- 
siderin was also found. 

External to this layer, and forming the wall of the cavity, was a close- 
textured mat composed almost entirely of astrocytes (Fig. 3). These cells had 
the usual stellate processes and vesicular nuclei of adult forms. The astro- 
cytic layer was nowhere wider than half the diameter of a high-power micro- 
scopic field. Immediately beneath, and even jutting into the layer, there 
were bundles of nerve fibers which were completely preserved in morpho- 
logical detail (Fig. 3). The myelin sheaths stained deeply and uniformly 
with Weil’s method; no vacuoles were seen. The transition was strikingly 
abrupt from entirely destroyed tissue to tissue wholly normal in morphology. 
Occasionally, the staining of the myelinated fibers of the internal capsule 
nearest to the lesion was a little paler than elsewhere as seen at low power, 
but on high-power study, the details of the structure of the myelin sheaths 
appeared well preserved. No evidence of pressure atrophy was found. 

Microscopic sections of cerebral cortex and of cerebellum showed no 
lesions. Especial attention was given to the region of the pyramidal tract in 
sections of pons and medulla. If there had been extension of necrosis or re- 
action to the internal capsule, it was felt that retrograde degenerations 
might be apparent at these levels. No such changes were present, further 
evidence that the fibers of the internal capsule remained intact. 

Results with Pd'® Spheres. Qualitatively, the response to the Pd! 
spheres was identical in detail with that of the Au’®* spheres (Fig. 4). The 
lesions were very slightly larger, varying from 3.0 to 5.0 mm. in diameter. 
They extended to the internal capsule, but involved few of its fibers in any 
animal. In sections of the pons and medulla, there were very occasional 
degenerated nerve fibers in the pyramidal tracts, but these were more likely 
the result of the placement incision than of involvement of the internal 
capsule by radiation reaction. The incision could be traced in some animals 
across the upper part of the anterior limb of the internal capsule. 


DISCUSSION 


Cairns and Fulton,’ 1930, were probably the first investigators to avail 
themselves of progressive destruction brought about by ionizing radiation, 
when they placed radon seeds in juxtaposition to the dorsal spinal cord of 
laboratory animals, and observed the succession of physiological changes. 
Borison and Wang,? in 1951, destroyed the canine vomiting center by 
free-hand placement of radon seeds in the medulla. These authors attrib- 
uted their success in this sensitive area to progressive development of the 
lesion up to a calculated limit. Their dosage was determined by correlation 
of volume of tissue destroyed, and the amount of radiant energy evolved by 
the source. More recently, Grossman and Wang’ have applied a modification 
of this stereotaxic technic in a physiological study. 

For purposes of the present study and others already completed,** a 
technic was evolved for stereotaxic placement of calibrated sources of radio- 
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Fic. 4. Edge of area of sphere placement in the caudate nucleus in a cat receiving 2.88 me. from Pd! 
source. Note the similarity of the tissue reaction to that induced by Au'®’ (Fig. 3). Survival 253 days. 
Weil's stain, X 175. 


activity. Glass and gold radon seeds, which were first employed, had the dis- 
advantage of bulk. This problem was surmounted by using artificially pro- 
duced radioactive isotopes delivered as spheres 0.86 mm. in diameter. At 
the same time, a marked advantage was gained through selection of half life 
and type of radiation. The volume and shape of lesions produced by this 
approximation of a point source were predictable and the perimeters were 
discrete. Because the resulting necrotizing effect was gradual, an additional 
advantage accrued. 

Lesions of greater volume resulting from radionecrosis are better toler- 
ated than smaller ones created by more abrupt methods.*:* The effects 
produced by the Pd!°* spheres were associated with a more rapid rate of 
dose than was delivered by Au! spheres. Thus in short-term experiments,**4 
more severe tissue reaction resulted from Pd'"*, even though lower doses in 
millicurie hours were used. So, too, in the long-term experiments of the pres- 
ent series, the area of residual damage with Pd! was a little larger than with 

In acute lesions, the transition zone from lesions to normal structures was 
irregular, but in the long-term experiments, the zone of reaction was much 
narrower and more regular with nerve fibers preserved up to a thin, astrocytic 
layer (Figs. 3 and 4). 

Since the lesions in the animals of this series appeared very similar at the 
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various intervals after operation (253 to 717 days), it was felt unlikely that 
still longer intervals would reveal further changes or extensions of the tissue 
reaction. 

Examination of many areas of the brain other than the caudate nucleus 
showed no changes related directly to the radiation. It was felt that the 
approximation of a point source by the use of small spheres was an important 
factor in the sharp localization of tissue reaction. 


SUMMARY 


The late effects of beta radiation in the caudate nucleus were studied after 
stereotaxic placement of and Pd!°* spheres. 

Animals were allowed to survive from 253 to 717 days. 

Small, sharply localized lesions resulted without changes in cerebral 
structures other than the caudate nucleus. 

The approximation of a point source for administering beta radiation 
was felt to be an important factor in the localization of tissue reaction. 
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HE understanding and definitive treatment of subarachnoid hemor- 
| rhage must necessarily develop with the evolution of effective methods 
of investigating the cerebral vascular tree. Bilateral percutaneous 
carotid arteriography has become almost routine practice in the study of sub- 
arachnoid hemorrhage. This technique has shown that aneurysms, angiomas, 
and, very rarely, tumors are responsible for a large percentage of hemor- 
rhages. A significant group remains in which no source for bleeding is found. 
The purpose of this paper is to report the additional information gained 

by vertebral arteriography. 

This series is composed of 60 cases of spontaneous subarachnoid hemor- 
rhage in which bilateral carotid arteriography failed to reveal a source of 
bleeding. No cases were included in which a posterior lesion was suspected 
and diagnosed by vertebral arteriography as a primary procedure. The 
diagnosis was confirmed by lumbar puncture in all cases. In no case was 
there an apparent hemorrhagic diathesis. None of the patients had suffered 
craniocerebral injury as part of his illness, so that traumatic subarachnoid 
hemorrhage is not germane to this group. 

Vertebral arteriography was entirely percutaneous via an anterior 
approach. Difficulties of technique have been largely overcome since adop- 
tion of the Sheldon needle.”:* General endotracheal anesthesia was used in the 
great majority of cases to spare the patient the pain of inadvertent nerve- 
root irritation by the needle (carotid angiography is routinely performed 
under local anesthesia). 

Radiological Findings. In 16 cases (26 per cent) vertebral arteriography 
demonstrated a lesion capable of producing and assumed to be responsible 
for the subarachnoid hemorrhage. Eight of these were aneurysms and 8 were 
angiomas. An analysis of the findings is given in Table 1. 

The posterior cerebral arteries were demonstrated by carotid injection 
in 21 of the 60 cases (35 per cent), a considerably higher number than the 
20 per cent reported by Moniz.‘ Analysis of the 16 pathological cases showed 
no filling of the posterior cerebral arteries in 13. Both posterior cerebral 
arteries were demonstrated in 1 case, and one posterior cerebral artery was 
filled in 2 cases. In none of the last 3 was the “feeding” or source vessel 
demonstrated. 


* Present address: Departinent of Neurosurgery, Boston City Hospital, Boston, Massachusetts. 
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TABLE 1 


Analysis of 16 pathological cases 


I. Aneurysms—8 cases 
A. Basilar bifurcation—3 cases 
B. Posterior cerebral—4 cases 
all near basilar bifurcation 
Left—3 
Right—1 
C. Vertebral—1 case 
left vertebral artery at level of foramen 
magnum (Figs. 1 and 2) 
II. Angiomas—8 cases 
A. Supratentorial—2 cases 
1. inferomedial surface of left occipital lobe (Fig. 3) 
2. posterior portion of right temporal region 
B. Supra- and infratentorial—1 case 
3. mainly in distribution of right posterior cerebral artery 
C. Infratentorial—5 cases 
Midline 
4. limited to vermis of cerebellum 
5. pontine-filling mainly from right posterior cerebral artery 
6. filled by both posterior cerebral arteries 
Lateral 
7. superior surface of right cerebellar hemisphere 


8. left cerebellum-filling mainly from left superior cerebellar artery and left posterior inferior 


cerebellar artery 


Fic. 1. Left anteroposterior vertebral arteriogram showing aneurysm. 
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Fig. 2. Same case as in Fig. 1. Postoperative left vertebral injection showing occlusion of the 
artery with slight retrograde thrombosis. 


The plain roentgenograms of the skull were normal in all but 1 case, in 
which erosion of the dorsum sellae was seen—a sign of no localizing value. 

Clinical Findings. The series was comprised of 32 males and 28 females, 
ranging in age from 6 years to 66 years. Seven patients (11.5 per cent) were 
under 20 years of age; 36 (60 per cent) were between 20 and 50; and 17 (28 
per cent) were over 50 years of age. 


Fic. 3. Left lateral vertebral arteriogram showing anterior occipital angioma. 
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Nine (15 per cent) of the patients exhibited hypertension as judged by 
several recordings of diastolic pressure over 90 mm. of mercury. 

Of the group, 37 (61.5 per cent) retained consciousness while 23 patients 
lost consciousness, either initially or early in the course of their illness. 

In every case save one, the main symptom was severe headache, usually 
of abrupt onset. The physical signs were of two types: those caused by con- 
tamination of the subarachnoid space with blood, and the signs of focal 
neurological deficit. Stupor, stiff neck, Kernig’s sign, i.e., the manifestations 
of meningeal irritation, were reported in some degree in all cases. Focal 
neurological abnormality was present in 15 patients (25 per cent), in 7 (11 
per cent) of whom total arteriography had revealed no lesion. Eight (50 
per cent) of the pathological group had physical signs. Hemiparesis, hemi- 
anopia, facial weakness and ocular nerve palsy (mainly 3rd and 6th nerves) 
were common to both groups, as was the occasional finding of retinal hemor- 
rhages. 

DISCUSSION 

The number of angiomas and aneurysms discovered by vertebral arteriog- 
raphy was surprisingly high. Walton,'® summarizing many published reports 
including postmortem material, felt that 15 per cent of aneurysms were on 
the vertebral-basilar system. MecKissock and Walsh,? and Falconer! re- 
ported posterior aneurysms as occurring in 3 to 6 per cent of their clinical 
series. Angiomas of the brain stem and cerebellum have been considered 
quite 

It was further thought by Olivecrona and Riives’ that since the majority 
of angiomas received part of their blood supply from the internal carotid 
artery, they would be revealed by carotid arteriography. In the present 
series, despite a high percentage of cases in which there was filling of the 
posterior cerebral artery from the internal carotid artery (35 per cent), none 
of the posterior lesions was demonstrated by carotid arteriography. 

Few have been optimistic about the surgical treatment of posterior vas- 
cular lesions. Yet, 3 of the 16 patients were cured by total excision of the 
lesion: occipital angioma, vermis angioma and vertebral aneurysms (Mr. 
W. MeKissock, Mr. V. Logue). 

Many physicians have felt that those patients who survived their original 
ictus and had no lesion demonstrated by arteriography, had a far better 
prognosis than those in whom a lesion was shown. Walsh® has recently pub- 
lished data to support this belief. We subscribe to this theory albeit the 
follow-up of the present series is not long enough to be valid statistically. 


CONCLUSIONS 


Vertebral arteriography should be undertaken when bilateral carotid 
arteriography fails to show a source for subarachnoid hemorrhage. 

Vertebral arteriography may show a surgically accessible lesion. If total 
study is negative, the physician can more securely offer the patient a good 
prognosis. 
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Both posterior cerebral arteries must be filled to exclude supratentorial 
angiomas and aneurysms. 


SUMMARY 

1. Sixty cases of subarachnoid hemorrhage with negative carotid arterio- 
grams have been investigated with vertebral arteriography. 

2. The radiological findings have been detailed. 

3. A résumé of the major clinical findings has been presented. 

We wish to thank Mr. Wylie McKissock for allowing us to analyze his cases of 
subarachnoid hemorrhage. A few of the patients were under the care of Mr. Logue 
and Dr. Carmichael, whom we also wish to thank. 
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graphiae Universalis of Sebastian Miinster.® The Latin (1559), French 

(1575), and German (1628) editions all include a brief reference to the 
birth of two daughters joined at the foreheads, in Bierstadt in September 
1495. There are wood cuts in both the Latin and German editions showing 
two girls standing with their heads turned toward each other and united, 
the right frontal region of one to the left frontal region of the other. The 
most astounding feature of this report is that these two children lived to the 
age of 10, when one died and was then‘‘cut off” from the other. The second 
child then ‘died soon after her sister.” This was not only the first case re- 
ported and the first recorded attempt at separation but also established a 
record for longevity. 

Trenkner" in 1938 collected 24 cases from the literature and reported an 
additional case. However, he did not mention the cases of Léwenberg,® 
Dabelow,’ Rogers,® Schneider,’ and Sonnenburg!® or the 6 cases of Bau- 
douin.? Since Trenkner’s report, Robertson,’ Barbosa,! and Sugar and his 
associates! have reported additional cases. The case reported here would 
then be the 40th. This does not take into account Warschauer’s" cases. This 
author reported a case in 1909 and referred to 21 cases from the literature. 
Only 2 are identified by an author. These 2 and the case reported by War- 
schauer are included by Trenkner. How many of the remaining 19 have been 
included in other reports is not clear. 

The attachment or point of union of the heads is quite variable and often 
is not described accurately. However, a parietal union appears most common. 
Varying degrees of rotation of the children and varying states of fusion of the 
dura mater, absence of the dura mater and fusion or continuity of the brains 
are reported. 

A number of attempts (6) at surgical separation are recorded, usually in 
the earlier cases after the death of one child. In the case reported by Robert- 
son’ an exploration was carried out at 4 months of age but separation was 
not performed. Until the case of Sugar and his associates*" there were no 
recorded survivals of more than a few hours after separation. One of Sugar’s 
patients died a month after operation without regaining consciousness, the 
other survived. In the case to be reported both children have survived and 
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are well at the age of 2 years. One has some neurological deficit, the other 
appears to be developing normally. 


These twin girls were born in a Chicago hospital by Caesarian section on Oct. 1, 
1954. They were transferred to Mercy Hospital 45 days later on Now. 15, 1954. At 
that time their combined weight was 15 pounds, 12 ounces. Both’ girls appeared 
to be healthy normal children, except for the union of the two heads. Figs. 1 and 2 
show the location and extent of this union and Figs. 3 and 4 show the roentgeno- 
graphic appearance of the union. It was felt initially that the manner of junction 
with the two heads nearly at an angle of 180° indicated that the contents of the 
intracranial cavities were separate and especially that each child had a separate 
longitudinal sinus. It was impractical for either child to lie on her back. The two 
heads were not in the same anteroposterior plane and this necessarily produced some 
lateral rotation of the cervical spine in each child as they were placed first on one 
side or the other. This rotation of the cervical spine was to result in torticollis for 
the smaller child. 


Fic. 2. Photograph of children at 2 months of age. S. faces the camera. 
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Fic. 1. Photograph of children at 2 months of age. L. faces the camera. 
% 
4 


550 VORIS, SLAUGHTER, CHRISTIAN AND CAYIA 


Fic. 4, Anteroposterior roentgenogram of skulls at 2 months of age. L. is on the left. 


While it was not feasible to weigh the children separately, one child was obviously 
larger from the onset. She will be referred to as L. and her sister as S. This designa- 
tion should serve to differentiate them clearly and avoid the use of the initials of 
their names. When they were 8 days old, their combined weight was 12 pounds, 
133 ounces. The circumference of the head of L. was 36.5 em., that of S. was 35 em. 


! 
4 
Fig. 3. Lateral roentgenogram of skulls at 2 months of age. L. faces down on the left. 
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TABLE 1 


Comparative blood counts of L. and S. 


November 29, 1954 April 8, 1955 


Examination of Blood L. S. L. S. 
Color index .99 .98 .90 .90 
Red blood cells 3,500,000 3,850,000 3,700,000 3,640,000 
Grams hemoglobin 10.9 11.7 10.4 10.2 
Per cent hemoglobin 69.8 74.9 66.6 65.3 
White blood cells 12,800 13,000 13,200 12,650 
Total polymorphonuclear leucocytes 18 16 31 25 
Eosinophils 2 3 5 7 
Lymphocytes 68 70 59 52 


Monocytes 12 10 10 10 


When more complete measurements were carried out, 45 days after birth, the 
circumference of the head of L. was 39 em., that of her chest 36.5 cm., and her crown- 
rump length was 35 cm. The circumference of the head of S. was 37 cm., that of her 
chest 32 cm., and her crown-rump length was 33 cm. The right parietal of L. and the 
left parietal boss of S. were more prominent than their counterparts. The occiput of 
S. was asymmetrical, the left side being much more prominent. The blood counts of 
the two children were never identical but, on the other hand, did not vary signifi- 
cantly. Table 1 gives the data for two sample counts on each child on the same dates. 

The children grew slowly. The circumference of the union slowly increased from 
the initial 31 cm. on Nov. 15, 1954 to 34 em. on April 2, 1955. Table 2 shows the 
progressive changes in the combined weights and individual measurements of the 
children from Nov. 15, 1954 to April 2, 1955 (45 months). Electroencephalography 
was performed simultaneously on the children on Dec. 11, 1954. This revealed an 
essentially normal cortical rhythm for each child that was not synchronous for the 
two children. 

A pneumoencephalogram was attempted on L. on Jan. 18, 1955. With the child 
in the left lateral position and the table tilted with her head up and her sister lying 


TABLE 2 
Development chart of L. and 8S. 


Head Circumference Chest Circumference Crown-Rump 
em cm em. em em. em. 
10- 8-54 12 Ibs. 133 oz. 36.5 35 
10-15-54 13 lbs. 43 oz. 36.8 35.6 
11-15-54 15 lbs. 12. oz. 39 37 36.5 32 35 33 
11-29-54 16 Ibs. 39 37 38 35.5 
12-10-54 16 lbs. 1 oz. 39 37.5 38.5 35.5 37.5 33.5 
12-24-54 16 Ibs. 39 37.5 38.5 35.5 37.3 33.5 
1-10-55 15 lbs. 12 oz. 39 38 38.5 35.5 37.5 34 
1-28-55 16 lbs. 10 oz. 40.5 39 38.5 35.5 37.5 35 
3- 7-55 17 Ibs. 10 oz. 41.5 40 39 36 41.5 36 


18 lbs. 14 oz. 42 40.5 39 36 43 40 
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above her, a spinal puncture was carried out at the 3rd lumbar interspace. Only 
about 20 cc. of fluid were obtained in spite of the substitution of air. Roentgeno- 
grams were then taken but no air had entered the ventricular system. Air could be 
seen in the basilar cisterns and over the right cerebral hemisphere. The same pro- 
cedure was carried out on S. 4 days later on Jan. 22, 1955. Again only 20 ce. of 
fluid could be obtained and again the roentgenograms of the skull showed air only 
in the basilar cisterns and the right cerebral subarachnoid spaces. 

Simultaneous ventriculography was carried out under general anesthesia on Feb. 
17, 1955. With the children in the right lateral position and a separate surgical team 
for each child, burr holes were made in each left parieto-occipital region through 
small vertical scalp incisions. The left lateral ventricle of L. was easily entered, 
about 15 cc. of fluid were removed and air was substituted. It was more difficult to 
enter the ventricle of S. and only 5 cc. of fluid were obtained. However, roentgeno- 
grams demonstrated satisfactory filling of the ventricles of each child. Fig. 5 is a 
roentgenogram showing a lateral view of the ventricles of both children. Fig. 6 is an 
anteroposterior view of the ventricles of L. Fig. 7 is a similar projection of the 
ventricles of S. The ventricles of L. are essentially normal except that there is 
moderate symmetrical enlargement of the posterior horns of the lateral ventricles. 
The ventricles of S. are somewhat dilated and there is a localized enlargement of the 
temporal horn of the right lateral ventricle. There were several localized collections 
of air in the Sylvian fissure and over the vertex. It was felt that the ventriculogram 
of S. was abnormal but that the abnormalities seen were not sufficient to preclude 
normal development. 


Fic. 5. Lateral projection of ventriculograms. L. faces up on the left. 
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Fics. 6 and 7. Anteroposterior ventriculograms of L. (left) and S. (right). 


The next and most important step in the pre-operative studies was to visualize 
the circulation of the two brains and particularly to demonstrate, if possible, the 
individual longitudinal sinus that each child was thought to possess. Right simultan- 
eous carotid angiography was carried out under general anesthesia on Feb. 24, 
1955. Two surgical teams, one for each child, exposed the right carotid vessels and 
a polythene catheter was introduced into the right internal carotid artery of each 
child. The children were then placed with their heads on the Sanchez-Perez serio- 
graph and successive injections of 7 cc. of Hypaque were made simultaneously into 
each carotid artery while serial roentgenograms were taken. It was not possible to 
make satisfactory anteroposterior projections but satisfactory lateral films in both 
arterial and venous phases of filling were obtained. Fig. 8 shows a lateral roentgeno- 
gram of the arterial phase in the two children, Fig. 9 is a lateral roentgenogram of 
the venous phase. The carotid arteries and their main branches are filled in each 
child. There is better filling of the peripheral cerebral vessels in S. In the venous 
phase, two longitudinal sinuses can be seen. There is an apparent communication 
near the vertex, apparently about 5 mm. in diameter. In L. most of the cerebral 
veins drain into dural venous sinuses at the base or into the internal cerebral veins. 
The few superior cerebral veins are mostly in the posterior part of the intracranial 
cavity. The superior longitudinal sinus did not appear important to the venous 
drainage of the brain of L. 
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Fic. 9. Lateral roentgenogram of venous phase of angiogram. L. faces up on the left. 


ai 
Fic. 8. Lateral roentgenograms of arterial phase of angiogram. L. faces up on the left. 
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It was now decided that surgical separation of the children was feasible. 

Operations. The plastic surgical team carried out elevation of a scalp flap from 
the right parietal region of S. under general anesthesia on Mar. 8, 1955. This flap 
had its base at the union and obtained its blood supply from the scalp of L. Fig. 10 
is a diagram showing the relationship of this flap. After it had been reflected a skin 
graft, .005 inch thick, was taken from the abdomen of L. and placed on the under 
aspect of this flap and the denuded parietotemporal region of S. The flap was then re- 
sutured. 

On Apr. 5, 1955, again under general anesthesia, a similar procedure was carried 
out on the other side. This flap was elevated from the left parietal region of L. 


Fic. 11. Diagram of scalp flap in left parietal region of L. S. faces down on the right. 


The base of the flap was again at the union with the blood supply derived from the 
scalp of S. Fig. 11 is a diagram illustrating this flap. The skin graft was taken this 
time from the abdomen of S. These wounds including the donor sites all healed sat- 
isfactorily. The condition of the children appeared satisfactory and their combined 
weight was now 20 pounds. 

The actual surgical separation was carried out on Apr. 21, 1955, again under gen- 
eral anesthesia. The children were placed in the left lateral position. Both heads 
were prepared surgically and draped so that the children could be turned without 
contaminating the operative field. The scalp flap was reflected from the right parieto- 
temporal region of S. and the skin graft on its under surface was sectioned along the 
line of the bony union. A burr hole was made at the posterior end of the union with 
reference to S. and the anterior end with reference to L. This revealed a paper-thin 
sheet of bone between the two heads. This was found to extend toward the vertex for 
about 3 cm. Later a similar thin sheet of bone was found to extend inward between 
the two brains at the other end of the union for about the same distance. No such 
bone extended in from either parietal region. An initial effort was made to preserve 
this thin bone at either end but because of difficulty in retraction it was eventually 
sacrificed everywhere. Where it was present a well developed dura mater was present 
on each side and the separation of dura mater from this bone was easy. Where 
bone was not present splitting of the dura mater was tedious and at times it was diffi- 
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\\ | 
[ | 


556 VORIS, SLAUGHTER, CHRISTIAN AND CAYIA 


cult to maintain a consistent plane of cleavage, especially in this right parietal region 
where the dura mater proved to be very thin. After the dura mater had been sepa- 
rated up to the midline on the right side the children were turned into the right 
lateral position. The dissection was more tedious and difficult on the left side but 
eventually it was complete everywhere except for an area in the midline at the junc- 
tion of the anterior and middle thirds of the longitudinal sinus of L. and correspond- 
ingly the posterior and middle thirds of the sinus of S. Here severe bleeding was en- 
countered and it was apparent that this was the point of communication between 
the two sinuses that had been visualized in the venogram. At this point, there was 
difficulty with the airway of L. and the final separation of the dura mater was ac- 
complished rapidly. The opening into each longitudinal sinus was covered with gela- 
tin sponge and physical separation of the children was complete, 4 hours and 15 
minutes after the operation had begun. 

The children were now on separate operating tables and resuscitation of L. was 
accomplished rapidly. Two plastic surgical teams now took over the operation. 
Closure of the wound of L. was effected rapidly. A cottonoid pack was left in place 
over the gelatin sponge on the opening in the longitidinal sinus. The scalp flap was 
sutured loosely to the dura mater, a head dressing was applied and the child was 
returned to the ward. Fig. 12 is a diagram showing how the scalp flap covered the 
right side of the bone defect and extended over the midline but failed to cover the 
entire area of exposed dura mater. 

A more definitive closure was carried out on S. The skin graft was removed from 
the under surface of her scalp flap and then this flap was stretched over the dura 
mater as far as possible before suturing it in place. The skin graft which had been 
removed from the under surface of the flap was used to cover the remaining dura 
mater. Then, a pressure dressing was applied and this child was returned to the 
ward. She was awake, crying and in good condition. Fig. 13 is a diagram showing the 
relation of the scalp flap to the skull defect in this child. 

Postoperative Course. L. soon rallied after her return to the ward. Two days 
later the dressing was removed and the cottonoid pack over the longitudinal sinus 
was removed. The scalp flap was sutured further, stretching it as much as possible. 
The bony defect measured 9.5 cm. in the anteroposterior diameter and 9 cm. in the 
transverse diameter. The area of exposed dura mater measured 9 cm. in the antero- 
posterior diameter and 4 cm. in the greatest transverse diameter. 

The condition of the wound and the general condition of the child remained satis- 
factory. By May 12, 1955 the exposed dura mater was covered with granulation 
tissue and on this date a skin graft, approximately .009 inch thick, was removed with 
a Padgett dermatome from the upper abdomen and lower chest and sutured over the 
exposed dura mater. This graft healed satisfactorily although a month later a small 
arachnoid cyst had to be resected from the junction of the skin graft and scalp flap 
in the right frontal region. Mild bulging of the scalp flap gradually developed, indi- 
cating some weakness of the dura mater on the right side of the skull defect. 

This child was dismissed from the hospital on July 14, 1955. At that time she was 
9} months old and weighed 14 pounds. The circumference of both the head and chest 
was 42.5 cm. Figs. 14 and 15 are anteroposterior and lateral roentgenograms of the 
skull showing the extent of the bony defect. Because of recurrence of the small 
subarachnoid cyst in the right frontal region with occasional drainage of cerebro- 
spinal fluid, L. was re-admitted to the hospital Aug. 26, 1955 and the next day the 
cyst was resected and a plastic closure was carried out. This healed without incidence 
and the child left the hospital on Sept. 11, 1955. 
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Fic. 13. Diagram of closure on S. 


The progress of L. has been satisfactory. She began to walk at 16 months of age. 
Now at 28 months she talks well. An electroencephalogram on July 24, 1956 was 
reported as a normal tracing. The child weighs 32 pounds, the circumference of the 
head is 49 cm. and of the chest 50 em. The skull defect measures 10 em. in both 
the anteroposterior and transverse diameters. There is slight bulging of the scalp on 
the right side of the bony defect. It is not planned to attempt cranioplasty in this 
child for another 2 years. 

The course of S. was complicated. At the initial dressing of her head, 2 days 
after the separation, a leak of cerebrospinal fluid was noted from the posterior part 


Fics. 14 and 15. Anteroposterior and lateral roentgenograms of skull of L. at 93 months of age. 
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TABLE 3 


Tabulation of operative procedures on S. after separation 


1. 5-12-55 Skin grafting of exposed dura mater and cerebral protrusion—general anesthesia. 
2, §-21-55 Ventriculography—local anesthesia. 
3. 5-26-55 Partial resection of cerebral hernia and suture of edge of dura mater to edge of scalp 
flap—general anesthesia. 
4. 6- 2-55 Ventriculography—local anesthesia. 
5. 7- 5-55 Skin grafting of cerebral hernia—general anesthesia. 
6. 7-21-55 Ventriculography—local anesthesia. 
7. 7-28-55 ~Ventriculocisternal shunt (Torkildsen) —general anesthesia. 
8. 8- 2-55 Re-exploration of ventriculocisternal shunt—local anesthesia. 
§ 8-16-55 Ventriculography—local anesthesia. 
10. 8-25-55 Takedown of ventriculocisternal shunt and ventriculoperitoneal shunt—general an- 
esthesia. 
11. 9- 1-55 Re-exploration of ventriculoperitoneal shunt—general anesthesia. 
12. 9-20-55 ~=Takedown of ventriculoperitoneal shunt and ventriculoantral shunt—general anesthesia, 
13. 9-27-55 Exploration of porencephalic cyst of right lateral ventricle and takedown of ventriculo- 
antral shunt—loecal anesthesia. 
14. 10- 4-55 Re-exploration of porencephalic cyst of right lateral ventricle—lcal anesthesia. 
15. 10-29-55 Ventriculogeaphy—local anesthesia. 


of the exposed dura mater on the right side. This persisted and by April 29 a cerebral 
hernia had begun to develop in the right posterior parietal region of the exposed dura 
mater. This area was not covered by the scalp flap in this child. The area of the 
herniation corresponded to the area of bulging that was noted later in the right side 
of the skull defect of L., but in that child this area was covered by the scalp flap. 

The herniation of cerebral tissue in S. persisted and gradually increased in spite 
of repeated ventricular and spinal taps. Her course for the next 6 months is a com- 
plicated story of numerous operative procedures designed to correct the cerebral 
herniation. Initially the herniation increased in size in spite of the presence of 
continuous drainage of cerebrospinal fluid. When this finally ceased on July 1, 1955, 
further increase in the size of the protrusion was noted. A final skin graft over the 
protrusion on July 5, 1955 healed satisfactorily and from July 16, 1955 on there 
were no unepithelialized areas. 

Table 3 is a chronological list of the surgical and diagnostic procedures carried 
out on S. after the separation of the twins on Apr. 21, 1955. None of the various 
shunts that were attempted were successful for more than a few days. Although 
there was some enlargement of the right ventricle the various ventriculograms failed 
to show significant generalized ventricular enlargement. It finally became apparent 
that attempts to drain or shunt cerebrospinal fluid from the ventricular system were 
futile and further that accumulation of the cerebrospinal fluid in the ventricule was 
not a significant factor in maintaining the protrusion. 

S. was finally allowed to leave the hospital on Nov. 11, 1955. At that time her 
general condition was satisfactory. She weighed 12 pounds and 2 ounces and was 
133 months old. There was moderate torticollis, with the head rotated to the left. 
Because of the torticollis and the large cerebral protrusion the child could not hold 
her head up or sit up. There was moderate left spastic hemiparesis. 

Figs. 16 and 17 are anteroposterior and lateral roentgenograms of the skull taken 
before dismissal. The size of the bony defect and the soft-tissue shadow of the pro- 
trusion can be seen. Since that time she has steadily improved. She now can sit up 


« 
i 


SUCCESSFUL SEPARATION OF CRANIOPAGUS TWINS 559 


Fics. 16 and 17. Anteroposterior and lateral roentgenograms of S. at 13} months of age. 


alone and say a few words. There is still a marked left parietal cerebral hernia. At 28 
months of age S. weighs 28 pounds, the circumference of her head exclusive of the 
hernia is 44 cm. and of the chest 50 cm. Fig. 18 is a photograph of the children at 
2 years of age. 


DISCUSSION 

The successful surgical separation of craniopagus twins depends on the 
presence of separate brains with independent vascular circulations. Thorough 
preoperative study with adequate visualization of ventricles and subarach- 
noid spaces (pneumoencephalography or ventriculography) and_ the 
arterial and venous circulations (angiography) and the cooperation of neuro- 
logic and plastic surgeons and pediatricians and anesthesiologists are essential. 
If the initial scalp flaps are insufficient for closure, an adequate dural cover- 
ing is important. In the case described the use of a fascial graft or of some 
plastic material or of tantalum mesh over the area of defective dura mater 
in the right parietal region of S. might have controlled the cerebral hernia 
and reduced the neurologic deficit in this child. It is felt, however, that the 
abnormal pre-separation ventriculogram in this child and the persistent 
evidence of obstruction of her cerebrospinal fluid pathways after separation 
indicate a congenital hydrocephalus which was largely the cause of our 
difficulty. 

The problem of repair of the skull defect underlying the skin grafts re- 
mains to be solved in these children. A later report will deal with our 
attempts to repair these defects and correct the cerebral herniation of S. 
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Fig. 18. Photograph of children at two years of age. L. is on the left. 
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Congenital aneurysms of the vessels of the spinal cord have been reported only 
rarely. It is of interest, therefore, to present the case of a patient who manifested 
spinal cord symptoms caused by such a lesion. A review of the reported cases indi- 
cates that certain features in common may allow one to entertain a diagnosis. 


CASE REPORT 


LP., a 41-year-old housewife, was admitted to the hospital on July 27, 1955, having 
enjoyed good health until February, 1954. After becoming pregnant, she had gradual onset 
of pain in the left forearm, the pain spreading upward across the chest anteriorly and down 
the right arm. After 3 days cervical traction was applied with relief of pain. On being mo- 
bilized she was slightly unsteady and ataxic. In July, 1954, she was delivered by Caesarean 
section. The pains in the arms reappeared, continued, and were accompanied by pains in both 
legs. These were aggravated by motions of the head and neck. Initiation of micturition be- 
came more difficult after the section. There was loss of bowel sensation and she had numbness 
of the buttocks. Two weeks prior to admission, her gait became rapidly weaker. 

Examination. The patient was a well developed woman who could not stand unsupported. 
The cervical and thoracic spines were normal to gross inspection and palpation. Perception 
of pain was diminished bilaterally below T1, but was preserved in the left lower extremity. 
Loss of heat sensation, but preservation of perception of cold, was found below T4. Vibration 
sense was absent in both lower extremities. Postural sensation was absent in the left toes and 
ankle, but preserved in the right. There was marked weakness of the entire left lower ex- 
tremity, while motor power was normal in the right. Motor power in both upper extremities 
was good, except for moderate weakness and atrophy of the intrinsic muscles of the hands, 
which were more pronounced on the left side. The fingers were thin and spindle-shaped. No 
fibrillations were evident. The deep tendon reflexes were active and equal. The toes were 
dorsiflexed on plantar stimulation. 

The hemogram was normal and chemical studies of the blood revealed no abnormalities. 
Cerebrospinal fluid pressure was normal, with no evidence of obstruction. The fluid was 
clear and colorless, containing 1 lymphocyte per c.mm.; proteins were 50 mg. per 100 cc. The 
colloidal gold curve was normal; the Wassermann reaction was negative. 

Roentgenograms of the chest were normal. Pantopaque myelography showed temporary 
arrest of the column at the level of the 7th cervical segment. The column flowed around this 
area, implying an intramedullary lesion. 

The symptomatology was attributed to either a syringomyelic cyst or an intramedullary 
tumor. 

Operation. On Aug. 2, 1955, a cervicodorsal laminectomy revealed a blue, discolored area 
beneath a tense dura mater, at the level of the 7th cervical segment. On incision and retraction 
of the dura mater, a rounded, blue, cystic intramedullary lesion of the left half of the spinal 


* Hospital Salaberry, Buenos Aires, Argentina. 
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cord was uncovered (Fig. 1). The dorsal columns were spread thinly over this lesion. A needle, 
introduced into the lesion, recovered a chocolate-colored fluid. No fresh blood was encoun- 
tered. The pia arachnoid, over the dome of the lesion, was incised longitudinally, and the 
remnants of the posterior columns were separated gently from it. The dome of the lesion was 
incised with the escape of more chocolate-colored fluid. With gentle dissection the well cir- 
cumscribed lesion was separated from the medullary portion of the spinal cord, revealing two 


Fic. 1. The spinal cord showed a blue, rounded mass within the left intra- 
medullary portion beneath the posterior columns. 


arterial vessels at its medial aspect. These were clipped. The main mass of the pea-sized 
structure was separated easily from the spinal tissue, leaving a capillary bed. During the 
course of dissection, and after delivery of the lesion, it appeared to have the gross charac- 
teristics of a thrombosed aneurysm. A needle was introduced into the cervical enlargement 
superiorly to eliminate the possibility of an associated syringomyelic cavity. None was en- 
countered. 

Postoperative Course. Paresthesias of both arms were troublesome for 5 days and then 
cleared gradually. By the 8th day the sensory changes had regressed almost completely on 
the left side, but only to T4 on the right. Motor power in the left extremity improved con- 
siderably and, with physiotherapy, the patient resumed walking. Sensibility and control of 
the bladder were regained. Three weeks after surgery the sensory changes, to pain and heat, 
were still detectable on the right below T6. There were none on the left. Vibration sense was 
absent in both toes and ankles. The postural sense was intact on the right and absent on the 
ieft. The toes were in plantar flexion. Gait had improved to the point where the patient could 
walk unsupported. 

Pathological Report. The wall of the aneurysm (Fig. 2) was composed of collagenous tissue 
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Fic. 2. The wall of the aneurysm is thin and composed of relatively acellular collagenous tissue. 
In the outer portion of the wall there is a moderate number of lymphocytes and plasma cells, accom- 
panied by a few small engorged blood vessels. Within the wall a considerable amount of blood is present. 
This shows partial organization with strand-like areas of fibrin, within which are leucocytes. 


and enclosed blood elements varying from a collection of fresh blood cells with leucocytic 
elements to smaller collections which were in various stages of organization and thrombosis. 
The walls of vessels with arterial components were identified at the base of the structure. 


DISCUSSION 


Arterial anomalies of the spinal cord produce their symptoms by external pres- 
sure and are usually associated with coarctation of the aorta or other types of con- 
genital heart disease. Such lesions may show localized aneurysmal sacs similar to the 
congenital type ordinarily seen in the cerebral vessels. 

Raymond and Cestan‘ reported a patient with a history of spastic paraplegia 
for 20 years caused by a cirsoid aneurysm of the anterior and posterior spinal vessels. 
The aneurysm extended from C2 to C7 and was extramedullary and intramedullary 
in position. The posterior aspects showed aneurysmal dilatations but the lesion did 
not appear to be congenital in type. Hebold? found multiple miliary aneurysms in 
the extramedullary and intramedullary vessels of the spinal cord of a young girl. 
Wyburn-Mason’ discovered 5 instances of localized aneurysm associated with 
arterial anomalies. 

Symptoms in Sargent’s® case began with weakness and wasting of the right arm 
and, after gradually increasing compression over 2 years, ended with a complete 
transverse lesion at the Tl segment. A local aneurysm of the anterior spinal artery, 
which compressed and destroyed the cord at C7 segment, was found at autopsy. 

The clinical course in Wyburn-Mason’s? Case 31 was initiated by spinal sub- 
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arachnoid hemorrhage, followed by temporary weakness of one leg and gradually 
increasing spinal compression over a 2-year period. Postmortem examination di- 
vulged a localized aneurysm arising from a tortuous and dilated anterior spinal 
artery, causing compression and destruction of the cord. In his Case 32, progressive 
weakness of both hands with increasing numbness of the upper part of the chest 
characterized the clinical course. Autopsy showed compression of the cord by an 
aneurysm formed from the anterior spinal artery at the level of the T3 segment. In 
each of the reported cases the lesion was associated with coarctation of the aorta. 

Lorenz” patient had weakness of the left arm followed by sudden motor and 
sensory paralysis. Postmortem examination disclosed a cherry-sized angioma at the 
7th cervical segment with hemorrhage into the subarachnoid space and substance of 
the cord from C1 to C7. 

Robertson® reported a girl of 16 whose initial symptoms were pains in the back 
and the right arm. Subsequently there developed paralysis of the right arm and leg, 
followed by paralysis of the left side. There were respiratory difficulties. Postmortem 
examination revealed a racemose arterial aneurysm with a localized laminated blood 
clot which had reduced the lower three cervical segments to a crescentic remnant. 

Babonneix and Widiez' reported a man of 56 with a clinical picture of combined 
sclerosis and syphilis. An illustration of the postmortem specimen demonstrated 
graphically an aneurysm of the lower cervical portion of the anterior spinal artery, 
to which the symptomatology was ascribed. 

In our case there was no clinical evidence of coarctation of the aorta or other 
detectable congenital cardiac lesion. Symptoms began with severe neuritic pains in 
the upper extremities accompanied by atrophy of the intrinsic muscles of the hands. 
Dissociation of sensory changes as well as the atrophy led to a diagnosis of syringo- 
myelia. Resection of a well circumscribed, organized, vascular, intramedullary 
structure along the course of the arterial channels allowed a diagnosis of aneurysm 
at the time of surgery. Unfortunately the vessel of origin of the aneurysm could not 
be established. The residuals, at the time of publication, consist of weakness and 
ataxia caused by loss of postural and vibration sensation in the left lower extremity. 

The diagnosis of congenital aneurysm of the arteries of the spinal cord should be 
entertained when the syndrome of cord compression is accompanied by clinical 
evidence of coarctation of the aorta or other cardiac anomalies. In some cases the 
clinical course is initiated by the signs of subarachnoid hemorrhage with localiza- 
tion in the spinal cord. A point of considerable diagnostic significance is the frequent 
localization of the lesion to the cervicothoracic junction. When there are pain and 
atrophy in the upper limbs, with the gradual development of a Brown-Séquard or 
compression syndrome, the diagnosis of aneurysm of the anterior spinal artery may 
be suspected. 

No one feature in the spinal fluid is diagnostic of the condition, but the finding of 
fresh blood and the demonstration of an intramedullary mass by myelography at the 
cervicothoracic junction strengthen the diagnosis. We have seen no reports of 
vertebral angiography, aortography or intraosseous venography having been 
employed in the attempt to visualize the lesion. 


SUMMARY 


1. A case is reported of a spinal cord lesion caused by an arterial aneurysm. 
2. A brief review is made of the clinical and pathological findings in previously 
reported cases. 


3. The criteria are discussed for diagnosis of aneurysm of the spinal arteries. 
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Among the non-aneurysmal causes of bleeding into the subarachnoid spaces are 
vascular malformations and vascular tumors. Of the latter, papillomas of the choroid 
plexus have only recently been implicated as a cause of blood appearing in the 
cerebrospinal fluid. The following case represents such an unusual lesion which was 
recognized and treated during life, though terminating fatally because of complica- 
tions. 

REPORT OF CASE 


J.G., a 15-year-old school girl, was admitted to the Ohio State University Hospital on 
June 28, 1955. She had been well until 3 days prior to this when there developed sudden severe 
frontal headache associated with vomiting, slight nuchal rigidity, mental fogginess and 
drowsiness. Examination disclosed bloody (cherry red) cerebrospinal fluid under 280 mm. of 
pressure. By the morning of admission, she was stuporous with paroxysms of severe headache 
and vomiting. 

Examination. There was bilateral early papilledema with unequal pupils, the left being 
slightly larger than the right. A positive left Babinski sign was present. On lumbar puncture 
the cerebrospinal fluid was found to be under 300 mm. of pressure and contained 29,000 red 
blood cells and 65 white blood cells per ¢.mm., with a total protein content of 66 mg. per 
cent. Bilateral carotid angiograms revealed a questionable vascular anomaly in the right pos- 
terior superior temporal area. 

Course. Bilateral papilledema increased rapidly to 3 D. with associated retinal hemor- 
rhages. On June 30, 1955, a vertebral angiogram (Fig. 1) disclosed the vascular anomaly in 
the right posterior superior area. On July 2, her condition worsened with increase in papille- 
dema, a slow pulse and increasingly bloody cerebrospinal fluid containing a total protein 
content of 1,280 mg. per cent. Bilateral posterior ventriculostomy disclosed blood clots in 
the right lateral ventricle. Ventriculograms revealed moderately dilated lateral and third 
ventricles without displacement and a filling defect in the right lateral ventricle at the 
trigonal area, considered to be a mass lesion—either the remains of a blood clot or a neo- 
plasm. 

Operation. On July 4, 1955, through a parieto-occipital transcortical approach, a tumor, 
about 3X2X2 em. in size, was found within the trigonal area of the right lateral ventricle, 
extending anteriorly proximal to the foramen of Monro and for a short distance into the tem- 
poral horn. Its arterial supply was multiple, with at least four vessels from the floor and 
medial wall of the body of the lateral ventricle and others from the floor and wall of the 
temporal horn. One large vein was seen to drain the blood, probably into the internal cerebral 
veins. As these vessels were clipped the size of the tumor decreased most remarkably so that 
upon its removal it was about one-third its original mass. 

Course. Her immediate postoperative course was unsatisfactory the next 2 days. Re- 


* Gulhane Hospital, Gulhane Military Medical Academy, Ankara, Turkey. 
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exploration was necessary on July 18 (14th postoperative day) and disclosed severe cerebral 
edema and blockage of the foramen of Monro with blood clot. A Torkildsen ventriculo- 
cisternostomy was established as a precautionary measure. In the following days there de- 
veloped troublesome accumulations of subgaleal fluid, projectile vomiting and very severe 
headaches. On July 26 (22nd postoperative day), re-exploration disclosed an epidural blood 
clot of moderate size with considerable cerebrospinal fluid locked in this area, having come 
out alongside of the Torkildsen tube, and the latter was blocked with blood clots. She ap- 
peared to improve for about 36 hours, then left hemiplegia developed, and she lapsed into 
coma and died on July 31 (27th postoperative day). 

Postmortem Examination. The brain was edematous with severe swelling in the posterior 
half of the right cerebral hemisphere. Infarction of the brain in the area supplied by the 


Fic. 1. Vertebral angiogram (lateral view) disclosing “vascular fringe” (arrow), which is 
believed to outline part of the papilloma in the right lateral ventricle. 


right posterior cerebral artery was evident. Severe uncal herniation through the tentorial 
incisura with consequent pressure against the posterior cerebral artery was considered to be 
the cause of the encephalomalacia. Retrograde thrombosis from the extensive vascular supply 
to the site of the tumor could not be ruled out as a contributory or a primary cause. 

Histopathology of Tumor. The tumor (Fig. 2) presented the characteristic appearance of a 
papilloma of the choroid plexus. The villi-like structures were covered with cuboidal cells 
whose cytoplasm was granular and contained minute vacuoles and a central nucleus. The 
central portion of the villi was made up of loose and somewhat scanty connective tissue, but 
was rich in blood vessels. The absence of glial fibers and blepharoplasts differentiated it from 
a papillary ependymona. 


Comment. The unfortunate loss of the patient in this case does not deter from its 
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Fic. 2. Photomicrograph of papilloma of choroid plexus showing its characteristic papillary ar- 
rangement and loose connective tissue containing blood vessels and covered with rather uniform cuboidal 
cells. Hematoxylin and eosin, 200. 


clinical significance and interest. The presence of blood in the right lateral ventricle 
with angiographic evidence of a probable vascular anomaly in the ventricle and a 
mass defect in the ventricle completed the picture that is diagnostic of the possibility 
of a papilloma or other mass in the ventricle. 

Criticism of the manner in which this case was handled surgically may well be in 
order. Difficulties were encountered in controlling the bleeding from the tumor bed 
at the first operation and undoubtedly this was a primary factor in subsequent 
complications since blood clot was present in the ventricle at the second operation. 
In retrospect it may be apparent that certain changes in the surgical approach might 
have proved efficacious, such as (1) a more radical removal of brain tissue in ap- 
proaching the ventricle (removal of a core of brain instead of a spreading cortical 
incision); (2) a little lower approach on the hemisphere (incision over the trigonal 
area instead of through the wound of the occipitoparietal ventriculostomy) ; and (3) 
it might have been far better to have left the dura mater open and the bone flap 
loose or out entirely, thus allowing for cerebral swelling. 


DISCUSSION 


While it is true that in most cases of subarachnoid hemorrhage the cause is 
leaking intracranial aneurysm, it is likewise apparent that in from 20 to 40 per cent 
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of the cases complete cerebral angiography fails to reveal such a lesion.* In two pre- 
vious reports, one of us (KHA)!+ has emphasized that intraspinal and intracranial 
neoplasm may give rise to subarachnoid hemorrhage. Of 41 reported cases of intra- 
cranial tumor with associated subarachnoid hemorrhage about 50 per cent were 
primary gliomas of the brain, 25 per cent were pituitary tumors and nearly 15 per 
cent were intracranial vascular tumors. 

Bleeding from a papilloma of the choroid plexus, to our knowledge, was first 
described by Graves and Fliess® and subsequently by Friedman and Solomon ;* how- 
ever, in these cases the tumor was found at necropsy. Ernsting® appears to have been 
the first to report a case in which the diagnosis was made clinically and operation 
was performed. The patient was a 26-year-old male who had had at least one pre- 
vious (by 3 years) episode of intraventricular bleeding. The second attack was sudden 
in onset and characterized by slight mental confusion, slight nominal aphasia, a 
right upper quadrantic homonymous hemianopsia and slight lower facial weakness. 
Left carotid angiography was done and an “intracerebral vascular lesion, measuring 
3 cm. in its antero-posterior diameter and 1.5 cm. in its vertical diameter, was 
demonstrated in the left posterior temporal region. It was supplied by a vessel arising 
from the internal carotid artery just proximal to its bifurcation, presumably the 
left anterior choroidal artery.”” Pneumoencephalography confirmed the presence of 
a mass occupying the greater part of the trigonal region of the left lateral ventricle 
and it “appeared to change its position with alterations in the posture of the head.” 
At the first operation via the temporal lobe, only a biopsy was done, but on the 
second approach to the tumor, a more adequate temporal exposure allowed complete 
extirpation with subsequent uneventful recovery. 

The diagnosis of an intraventricular mass was made, in the case of Ernsting? and 
in our case, through both angiography and pneumoencephalography. As more of 
these lesions are surely to be reported, however, it may well be that these minor 
vascular changes as shown by angiography in the trigonal region of the lateral 
ventricle or the temporal horn itself will prove of diagnostic significance and thus 
delay in their diagnosis and surgical extirpation will be avoided. 


SUMMARY 

It has been emphasized that severe subarachnoid hemorrhage may occur from 
papillomas of the choroid plexus as well as other neoplasms and from vascular mal- 
formations. In this report a papilloma of the choroid plexus in the right lateral 
ventricle was shown to be the source of severe intraventricular hemorrhage. Cerebral 
angiography and ventriculography were helpful in establishing the presence of the 
tumor which was surgically removed. This appears to be the second such case to 
be diagnosed clinically. Two others from autopsy material have been described 
previously. 

It is suggested that in those cases in which angiography fails to disclose the etiol- 
ogy of subarachnoid hemorrhage, further studies—closer scrutiny of technically 
better angiograms together with ventriculography—may occasionally prove fruitful 


* These figures are only an approximation gathered from various series in the literature. Hamby*® has 
reported, “In a series of patients surviving subarachnoid hemorrhage, a smaller percentage of aneurysms 
(41 per cent) was disclosed by angiography than in a series studied at autopsy (93.6 per cent).”’ The 
accuracy of any such figures is questionable since it is the consensus that in those cases in which there 
is no aneurysm, subarachnoid hemorrhage is less likely to be fatal and to recur, hence less likely to 
appear in autopsy material for comparison. 
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in establishing the source of the hemorrhage in such a lesion as choroidal papilloma 


or other tumor. 
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Anomalies of the optic nerve are not rare. The optic disc, the intraocular portion 
of the nerve, has many variations in structure and many forms that are termed 
anomalous. They are readily observed with the ophthalmoscope. The other three 
portions (intraorbital, intraosseous and intracranial) perhaps are just as frequently 
anomalous, but are seldom observed. 

Duke-Elder,' under the term “division of the optic nerve,” introduces a brief 
discussion of this condition as follows, ““As a rare anomaly the optic nerve may be 
divided into two strands, of which the smaller accessory bundle contains the un- 
crossed fibres. . . .” 

No attempt has been made at an exhaustive survey of the literature, but the only 
similar anomaly described with an illustration is reproduced herewith (Fig. 1)? 


Q >? 


Fic. 1. Splitting of the right optic nerve and right optic tract described by Ganser* in 1882. It was 
felt that the uncrossed fibers composed the anomalous bundle. 


* Present address: 2224 Washington Avenue, Waco, Texas. 
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Fics. 2 and 3. Photographs of the diastasis (1) and anomalous vessel (3). The diastasis measures 
5 mm. in length. 

Key for Figs. 2, 3 and 4: 1. Diastasis of right optic nerve. 2. Left optic nerve. 3. Auxiliary right 
anterior cerebral artery involved in diastasis. 4. Aneurysm of anterior communicating artery. 5. Right 
anterior cerebral artery. 6. Trifurcation of right internal carotid artery. 7. Right middle cerebral artery. 
8. Right posterior communicating artery. 9. Right posterior cerebral artery. 10. Right superior cerebellar 
artery. 11. Basilar artery. 12. Vertebral arteries. 13. Left superior cerebellar artery. 14. Left posterior 
cerebral artery. 15. Left posterior communicating artery. 16. Left middle cerebral artery. 17. Left in- 
ternal carotid artery. 18. Left anterior cerebral artery. 
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Personal communication with authorities in the field of human embryology and 
anatomy has failed to reveal any further information as to occurrence of or an 
explanation for the anomaly.’ + 

The specimen we wish to record was discovered at autopsy. 


CASE REPORT 


Cleveland City Hospital No. 324779. H.D., a 43-year-old negro male, suddenly became un- 
conscious the day before admission on Oct. 22, 1951. He regained consciousness in 30 minutes 
and complained of a stiff neck. 

Examination. Blood pressure was 135/70, temperature 36.5°C., pulse rate 52, and respira- 
tory rate 16. The patient was lethargic and confused. The pupils were equal but did not react 
well to light. There was papilledema of the left optic disc. The neck was stiff. Repeated lumbar 
punctures yielded bloody spinal fluid with cerebrospinal fluid pressures varying from 280 to 
340 mm. of water. 

Past history revealed syphilis in 1944, but the last serology was negative. Neither visual 
acuity nor history of visual difficulty was recorded. Four days after admission the patient 
had a sudden respiratory arrest. 


METRIC 1 4 5 


Fic. 4. Photograph of the circle of Willis (see Figs. 2 and 3 for explanation of numerals). 
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Postmortem examination of the brain revealed a large collection of fresh blood clots in the 
middle cranial fossa and over the base of the brain. At the base of the brain the right internal 
carotid artery had an anomaly consisting of an abnormal branch arising at a point where the 
right internal carotid lay on the external surface of the right optic nerve. This abnormal 
branch went through the right optic nerve, producing a diastasis in this nerve, the diastasis 
measuring approximately 5 mm. in length (Figs. 2 and 3). This abnormal branch from the 
internal carotid ended near the anterior pole of the right frontal lobe at the right anterior 
cerebral artery distal to the anterior communicating artery. The true anterior cerebral ar- 
teries of each side were normal in position and course. At the site of the anterior communicat- 
ing artery an aneurysmal sac was present, measuring 1.5 cm. in diameter in the fresh state 
(Fig. 2.) 


Comment. It appears that the anomalous blood vessel was responsible for the 
splitting of the right optic nerve during the centripetal growth of the optic nerve. 
The gross specimen was destroyed before the relationship of the crossed and uncrossed 
fibers could be studied. 


SUMMARY 


A case report of diastasis of the right optic nerve caused by an abnormal branch 
of the right internal carotid artery is presented. 


The photographs of the gross pathology in this case are gratefully acknowledged to the 
Pathology Department, Cleveland City Hospital. 
REFERENCES 
1. Duke-Evper, W. 5S. Text-book of ophthalmology. St. Louis: C. V. Mosby Co., 1938, 2: 1346. 
2. Ganser, S. Ueber die periphere und centrale Anordnung der Sehnervenfasern und iiber das Corpus 
bigeminum anterius. Arch. Psychiat. Nervenkr., 1882, 13: 341-381. 
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Medicine, and the Veterans Administration Hospital, Denver, Colorado 
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Developments in the surgery of blood vessels and increasing interest in factors 
underlying cerebral ischemia have led to attempts to restore the internal carotid 
circulation after occlusion by obliterative disease.?.4* 

This is a report of reconstitution of the common carotid artery by endarterec- 
tomy and homograft, 2 years after its surgical ligation. 


CASE REPORT 


A 44-year-old man was admitted to the hospital on May 1, 1956, because of difficulty in the 
use of his right arm and leg for 1 week. 

Two years previously, he had been treated in a hospital elsewhere for subarachnoid 
hemorrhage, characterized by malaise for 1 day, followed by severe headache, stiff neck, 
vomiting, and drowsiness, but without focal neurological disturbance. Initially, the spinal 
fluid was bloody; later it was deeply orange in color. An angiogram made on the 19th day 
showed no abnormality. On the 29th day, the left common carotid artery was tied 3 cm. 
proximal to its bifurcation. Recovery was complete except for a minor impairment of mem- 
ory, and the patient returned to his work as an attendant in a filling station. 

Approximately 2 years after the ligation of the common carotid artery, and 1 week before 
his present admission, movements of his right arm and leg became awkward. He dropped 
objects held in the right hand, and was unable to use this hand in eating. Weakness of the 
right leg was observed, particularly when he attempted to arise from the sitting position. He 
was forced to give up his work. 

By the time of his admission to the hospital, most of these symptoms had disappeared, 
and on neurological examination only weakness of dorsiflexion of the right foot was found. 
The operative site in his neck was well healed and a definite, though diminished, carotid pulse 
could be felt above this point. 

Angiography, May 9, 1956. On the right side, normal filling and distribution of the in- 
ternal carotid, anterior and middle cerebral vessels were demonstrated. On the left, the needle 
was inserted into the vessel above the cervical scar, and although the external carotid artery 
was well visualized, the internal carotid artery filled only to the base of the skull (Fig. 1). 

The episode of right hemiparesis was interpreted to be the result of cerebral vascular 
insufficiency in the distribution of the left carotid, based on the surgical ligation performed 
2 years previously. Because no aneurysm or other vascular lesion was evident in the left 
carotid angiogram made before ligation of the common carotid, it was decided to try to 
re-establish blood flow through the left carotid system. 

Operation, May 24, 1956. The carotid bifurcation in the left side of the neck was exposed. 
Although somewhat diminished in caliber, both the external and the internal carotid arteries 
were patent and pulsating. With occlusion of the external carotid artery, a good back flow 
through the internal carotid artery was demonstrated. The entire length of the common 
carotid artery from its bifurcation to the arch of the aorta was exposed, necessitating an in- 
cision down the neck and over the clavicle, resection of the medial portion of the clavicle, and 
splitting of the sternum to its midportion with a Lebsche knife (Fig. 2). Obliterating the lu- 
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Fic. 1. The cervical part of the internal carotid artery is filled, but the column of dye 
cannot be followed beyond the base of the skull. 


men of the common carotid artery from the aorta to the bifurcation was a firm organized 
thrombus, and surrounding the upper segment of the artery and its bifurcation was a dense 
scar, marking the site of the previous ligation. It was felt that blood flow could be re-estab- 
lished between the common carotid artery below the ligation and the internal carotid artery 
above. Therefore, the thrombus was removed by the use of a circular intraluminal stripper 
(Fig. 3) as employed for endarterectomy in the lower extremities.? Despite the fact that the 
thrombus had been in place for 2 years, it was relatively easy to insert the stripper between 
it and the normal intima and to dissect the clot from the wall of the vessel. Slight resistance 
was felt as the stripper entered the aortic arch, and immediately. thereafter the loosened 
thrombus (measuring 17 cm. in length) was blown out the open end of the carotid artery by 
a gush of blood. 

Because of the injury of the vessel at the point of its previous ligation, it was necessary 
to excise 5 cm. of the common carotid artery and a short cuff on each side above its bifurca- 
tion. A lyophilized iliac homograft was used to bridge the lower segment of the common 
carotid artery to the internal carotid artery, the external carotid artery being sacrificed 
(Fig. 3). Upon release of the occluding clamps, a bounding arterial pulse occurred in the 
carotid artery, and its caliber was greatly increased. 

Apart from a paralysis of the mandibular branch of the left facial nerve, there were no 
postoperative difficulties. 

Postoperative Angiography, July 9, 1956, 7 weeks after operation. A left common carotid 
arteriogram revealed continued patency of the left common carotid artery and a normal 
pattern of cerebral vessels (Fig. 4). 
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RECONSTITUTION OF CAROTID ARTERY AFTER LIGATION 
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Fic. 3. Operative steps, showing removal of thrombus from the proximal segment of the common 
carotid artery and the vessel after reconstruction and prior to removal of occluding clamps. 
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DISCUSSION 
Although the precise circumstances that characterize this case must be ex- 
tremely unusual, questions of broader importance and more general interest arise. 
The first deals with interpretation of the carotid angiogram made distal to the 
ligature. It will be recalled that the internal carotid artery contained no contrast 
medium beyond the base of the skull. Before exploration, it was thought that this 
might be caused either by a separate occlusion high in the internal carotid artery, 
beyond the reach of presently available surgical procedures, or by blood flow in- 
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Fic. 4. Postoperative angiogram, showing the filling of the cerebral vessels on the ieft. 


sufficient to sweep the dye distally in this artery. The latter was proved to be the 
case at operation and by subsequent arteriograms. 

The technique of clearing the obliterated common carotid artery 2 years after 
ligature and thrombosis deserves comment. Clearly, the area of ligation required 
excision and replacement by a graft. The rest of the vessel was normal except for 
the occluding thrombus, which was easily dislodged by an intraluminal stripper. 
Although proximal stripping of this artery might be performed blindly, as is prac- 
tised in the thigh, a tear of the unexposed artery within the thorax would be disas- 
trous. Therefore, surgical procedures on the carotid artery in this area must be done 
under direct vision, regardless of the local problems of exposure. Methods for 
exposure of the major vessels within the superior mediastinum have been developed 
by Elkin and Shumacker.® 

Cerebral ischemia is the most feared result of carotid ligation. As usually de- 
scribed, early and late forms are separated,’ the former occurring immediately or 
within a few hours and the latter appearing after a delay of 24, 48, or even 72 hours. 
Thus, the cerebral circulatory failure following carotid ligation ordinarily has its 
onset within several days of the time when the artery is closed. This contrasts 
with the now widely recognized fact that, in spontaneously occurring obstruction, 
symptoms of ischemia often commence long after the occlusion is established. 
Why, following surgical occlusion, these long delayed difficulties are not prominent 
is difficult to understand. Perhaps insufficient time has elapsed for the subjects of 
larger published studies to have come forward in compelling numbers with this 
complication, or perhaps the relative rapidity of even gradual surgical occlusion 
has separated off at an early date most of those in whom collateral circulation is 
marginal—those who might under different circumstances have shown long delayed 
evidences of cerebral vascular insufficiency. 
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Finally, when surgical closure of a carotid artery seems necessary or desirable, 


consideration should be given to the fact that internal carotid ligation is irrevocable 
after a short interval, while common carotid closure is not. The possibility of re- 
establishing circulation at a later time might be weighed in selecting the site, espe- 
cially since the available evidence fails to support clear superiority in terms of effec- 
tiveness and safety of either one over the other.! 


SUMMARY 


A 44-year-old man began to exhibit symptoms of carotid insufficiency 2 years 


after the left common carotid artery was ligated. Blood flow was re-established 
after endarterectomy and arterial graft. 
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PAGET'S DISEASE OF THE AXIS CAUSING QUADRIPLEGIA 
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Madras Medical College, Madras, India 


(Received for publication January 28, 1957) 


Paget's disease of the axis is an uncommon condition. Only one case, reported by 
Whalley,’ was found in a review of the medical literature. In Whalley’s case the 
atlas and the axis were both affected as well as the skull and there was an atlanto- 
occipital dislocation with paraplegia. In the case reported below the axis alone was 
affected and caused quadriplegia. 


CASE REPORT 


M. NS. 2635. A male aged 60 was admitted to the General Hospital on Oct. 10, 1953. 
For 15 years he had suffered pains all over the body, and during the last 5 years stiffness of 
the neck had developed with pain in the back of the neck. Three years prior to admission he 
noted weakness of the right lower extremity. Gradually this weakness involved the left 
lower limb also. During the last 6 months weakness spread to both upper limbs. 

Examination. The patient was an ill-nourished old man. He was not able to walk or use 
his hands properly for eating or dressing. Intelligence and memory were good. The optic 
dises and all cranial nerves were normal. The size of the head was normal. The neck was stiff 
and the patient was not able to move the head freely in all directions. There was fullness in 
the upper part of the back of the neck. There was no tenderness anywhere on the spine. 
Muscle power in all four limbs was diminished and the tone was spastic. There was loss of 
appreciation for all modalities of sensation up to the level of the nipple. Deep reflexes in all 
extremities were exaggerated. Abdominal and cremasteric reflexes were lost. Plantar re- 
sponses were extensor. The patient had retention of urine with overflow. 

A diagnosis of cord compression at the cervical level was made. Roentgenograms of the 
cervical spine showed sclerosis of the 2nd cervical vertebra (Figs. 1 and 2). 

The following diagnoses were entertained: (a) localized fluorosis, (b) localized spondylitis 
of the cervical vertebrae, and (c) secondary malignant bone deposit. 

The blood Wassermann reaction was normal. 

Lumbar puncture was done. There was a complete block on Queckenstedt’s test. The 
cerebrospinal fluid proteins were 80 mg. per cent; there were no cells; and Wassermann re- 
action was negative. A myelogram done after cisternal puncture showed a block at the level 
of the 2nd cervical vertebra. 

Operation. Anaesthesia was induced by intravenous Pentothal. An endotracheal catheter 
was introduced and anaesthesia was maintained with gas and oxygen. An incision was made 
in the mid line in the back of the neck. After separation of the muscles, the ligamentum 
nuchae was split and the spine of atlas and the axis were visualized. At this stage the patient 
was not breathing properly and respiration was maintained artificially by compressing the 
bag. The laminae of the axis were thickened, soft and very vascular. These were removed 
piecemeal and the cervical dura mater was exposed. The spinal cord was found to be kinked 
at the level of the body of the axis. The arch of the atlas was also removed to provide a good 
decompression and the wound was closed. 

Course. At the end of the operation the patient still had difficulty in respiration, which 
had to be assisted. An hour later the patient regained consciousness. But still he could not 
breathe by himself. He was kept in this condition for 72 hours by artificial respiration. The 
trachea was kept clear by repeated aspiration. He was fed by a Ryles tube. On the 4th day 
the patient had cardiac failure and expired. 
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Fics. 1 and 2. Roentgenograms of cervical spine, showing increased density of the axis. (Left) Lateral 
view. (Right) Anteroposterior view (patient’s mouth open). 


Autopsy. The axis was enormously thickened, and there was a well marked hump at the 
level of the axis. The cord showed evidence of intramedullary haemorrhages. 

Microscopical Examination. Irregular segments of the lamellae of bone are separated by 
short irregularly toothed cement lines. These appear fitted into one another and form an 
irregular mosaic. There is no attempt to form Haversian systems. The marrow between the 
bony trabeculae is fibro-fatty and in a few places consists of myeloid cells. There are also 
small isolated bits of deeply staining irregular trabeculae in the midst of the marrow. Of the 
lamellar pieces forming the mosaic a few stain differently from the others with haematoxylin, 
from light bluish- to purplish-red. There are also areas of reconstructed bone staining deep 
purplish-brown, irregular in their outline and extent, which in some places are alongside 
the normal trabeculae. 


DISCUSSION 


Paget’s disease, or osteitis deformans, is not a common condition in India, al- 
though a few cases have been encountered. The spine often is involved as well as 
the other bones. The commoner sites of affection of the spine are the lumbar and 
the thoracic regions, the cervical region being less frequently involved. 

Neurological complications of a milder type have been recorded in a number of 
cases. But paraplegia is not common. We found a total of 48 published cases of cord 
compression caused by osteitis deformans. Wyllie,* Kay et al.,? Schwarz and Re- 
back,‘ Turner,® Whalley,’ Teng e¢ al.,> and Robinson* have reported cases. The com- 
monest site for compression paraplegia in Paget’s disease is the thoracic region. 
The interpeduncular spaces are the narrowest in the thoracic region between the 
3rd and 10th dorsal vertebrae, and hence the cord is most likely to be compressed 
in the upper thoracic region. Paget’s disease of the cervical spine with cord com- 
pression is very uncommon. Only 3 cases were found in the literature. Garcin et al. 
presented a case of Paget’s disease with involvement of C4 vertebra. The patient 
had sudden development of quadriplegia and later partly recovered. Schwarz and 
Reback‘ reported cervical cord compression at C6—C7 level in a patient with ad- 
vanced Paget’s disease. Whalley’s’ case has already been referred to. 
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The patient is usually a male in the fifth or sixth decade of life and the onset of 
symptoms is gradual and insidious. A noteworthy feature is that often it is the neuro- 
logical picture that presents itself first and brings the patient to the doctor. The 
neurological complications are less often met with in the obvious cases of Paget’s 
disease. Because the neurological disability presents itself primarily, there is often 
some difficulty in diagnosis. Especially in older people complaints like aches and 
pains, difficulty in passing urine, etc., may be attributed to other factors and careful 
examination of the functions of the spinal cord may not be carried out. This im- 
portant point has been emphasized by Robinson.* 

The spinal cord and nerve root symptoms usually occur when the overgrowth 
of bone is such as to reduce the capacity of the spinal canal or the intervertebral 
foramen. The symptoms start gradually and progress towards signs of full compres- 
sion of the cord. Sometimes the symptoms may be caused by interference with the 
blood supply of the cord, resulting in ischaemia.? Whether osteitis deformans will 
diminish the local blood supply of the cord is a difficult point, as usually the affected 
bone is very vascular. The association of arteriosclerosis with Paget’s disease may 
explain those cases in which there are bizarre neurological findings. The interference 
with vascular supply may also be caused by foraminal narrowing. The problem of 
interference with the blood supply of the cord in diseases of the vertebrae is being 
studied separately in relation to fluorosis and spondylitis. 

Collapse of the vertebra from softening, with resultant kyphosis and cord 
compression, is another cause of paraplegia. Dislocation may occur leading to 
vertebral displacement. In the case reported by Whalley’ in 1946 the spinal canal 
was narrowed because of the enlargement of the axis. 

Platybasia or basilar impression is associated with Paget’s disease of the atlas 
and axis. In these cases, the odontoid process, being at a higher level than normal, 
causes neurological signs, especially affections of the lower cranial nerves, nuchal 
stiffness, torticollis, ete. 

In the case reported here the spinal canal was compressed between the enlarged 
odontoid process and the body and laminae of the axis. The operation was bloody 
because of extreme vascularity. This condition has been noted by others as well and 
makes surgery a difficult procedure. 

Another interesting feature is the localization of the affection. Roentgenograms 
of other bones did not reveal any evidence of Paget’s disease. 


SUMMARY 


A case of spinal cord compression caused by osteitis deformans of the axis is 
reported. No other bone of the skeleton was involved. 


We wish to express our thanks to the Dean, General Hospital, Madras, for permission 
to publish this case. 
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The use of polyethylene film to retard the regrowth of bone following craniectomy 
for craniosynostosis has been established as an important feature in operative 
technique.!? The technical problem of fixing the film in position has been managed 
formerly by punching holes along the margins of the bony defect and sewing the 
plastic in place with silk sutures. This part of the procedure frequently accounts for a 
significant portion of the operative time. The duration of the operation is a matter 
of importance in the small infants who are usually the subjects for craniectomy. 
For this reason it has been considered advisable to develop a more rapid and 
convenient method for the application of polyethylene film to the margins of the 
skull. This consists of stapling the plastic over the edge of the bone with specially 
designed tantalum clips. 


TECHNIQUE 


A clip applicator* has been made, which has a powerful action of the jaws, that works 
at a right angle to the shaft of the instrument (Fig. 1). The head of the applicator is small 
enough to be introduced easily into a craniectomy defect of 8 mm. The lower jaw has a thick- 
ness of 2.5 mm., thereby preventing undue stripping of the dura mater from the skull during 
the application of the clip. The jaws open to a maximum width of 7 mm. thus permitting its 
use even in older infants. The open width of the jaws can be regulated by means of a thumb- 


screw in the handle, allowing the clip to be held tightly in place while passing the instrument 
(Fig. 2). 


Fic. 1. Clip applicator. The knurled screw on the handle can be adjusted 
to fix the open width of the jaws. 


* Available through Codman & Shurtleff, 104 Brookline Ave., Boston, Mass. 
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Fic. 2 (left). The clip may be held in the applicator while the instrument is being passed. The 
lower side of the clip is placed flat against the jaw of the applicator for greater stability. 


Fic. 3 (right). The clips are cut out of 2 mm. strips of 0.015” tantalum. This size is easily cut with 
small wire cutters. 


Fic. 4. Coronal craniectomy showing the polyethylene film applied to the edges of 
the bone by means of the tantalum clips. 


The clips are made from tantalum which is 0.015” thick. They can be fashioned by having 
a sheet of the metal cut into strips 2 mm. in width. These strips can then be cut by the nurse 
prior to operation to makes clips of the desired size. We have found that the most satisfactory 
design is to have the clip pointed at only one end. The pointed end is used to penetrate the 
outer table of the skull and hold the clip securely in place. The straight side lies flush with the 
inner table of the skull and does not depress the dura mater. 


1 
4 


586 FRED D. FOWLER AND FRANC D. INGRAHAM 


The clip is made from a 12-mm. length of the tantalum strip with the point beveled 1 mm. 
from the end. Regular wire cutters can be used to cut the metal. The point is then bent at a 
right angle to the strip and a second bend is made in the middle of the clip (Fig. 3). This may 
be modified depending on the thickness of the bone. It has been found that such a clip is 
about the right size for children under 1 year of age (skull less than 4 mm. thick). It will 
hold very well in the infant skull and the strength of the tantalum is such that the shape of 
the applied clip is maintained. 


By using this method we have found it to be easier and faster to apply poly- 
ethylene film in these patients. The film is held smoothly and firmly in place and the 
operative time is significantly diminished (Fig. 4). Up to the present time 33 patients 
have been treated by this technique. There have been no complications incident 
to the use of this method and the development of the head following operation has 
been satisfactory in all cases. 

REFERENCES 
1. INGrauam, F. D., Matson, D. D., and ALexanper, E., Jr. Experimental observations in the 
treatment of craniosynostosis. Surgery, 1948, 23: 252-268. 


2. McLaurin, R. L., and Matson, D. D. Importance of early surgical treatment of craniosynostosis. 
Review of 36 cases treated during the first six months of life. Pediatrics, 1952, 10: 637-652. 


BOOK NOTICE 


Follow-up Studies of World War IT Injuries. The U. S. Government Printing 
Office is publishing four volumes of some interest to Neurosurgeons. These include 
the National Research Council-Veterans Administration monograph on Peripheral 
Nerve Regeneration, the National Research Council-Veterans Administration 
monograph on The After-Effects of Head Injuries Sustained in World War II, and 
the Army Neurosurgical History of World War II in two volumes. The distribution 
lists are rather limited, but the sales price is fixed at cost. 

The study on nerve injuries has just been published: Peripheral Nerve Regenera- 
tion. A Follow-up Study of 3,656 World War II Injuries. B. Woodhall and G. W. 
Beebe, Ed. Washington, D. C.: U. S. Government Printing Office, 1957, xxiv, 671 
pp. Price $3.75. 

Proceedings of Second International Congress of Neuropathology. At the request of 
the Organizing Committee of the Second International Congress of Neuropathology 
held in London, 1955 all reports, communications and discussions presented to the 
Congress have been published by the Excerpta Medica Foundation under the title: 
Proceedings of the Second International Congress of Neuropathology, London, 
1955. These Proceedings consist of three parts. Part I and Part II contain 650 pages 
of text; Part II contains 156 plates, giving all illustrations to the text. This publica- 
tion has been edited by Dr. W. H. McMenemey. The Proceedings may be ordered 
from the Excerpta Medica Foundation, 111 Kalverstraat, Amsterdam, Holland, at 
the price of £4/10/—, Fl. 50, or $12.50. 
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NOTICES 


AMERICAN COLLEGE OF SURGEONS 


The 43rd Clinical Congress of the American College of Surgeons will be held in 
Atlantic City, New Jersey, October 14-18, 1957. Two Surgical Forum sessions on 
October 17 at 8:30 a.m. and 1:30 p.m. will be devoted to reports of research in 
neurosurgery and neurophysiology. On October 18 at 9:00 a.m. there will be a sym- 
posium on “Dermoid and Epidermoid Tumors of the Central Nervous System,” 
Dr. Edgar F. Fincher presiding, and at 10:30 a.m. a panel discussion on ““Traumatic 
Intracranial Hemorrhage,” Dr. E. S. Gurdjian, moderator. At 2:00 p.m. clinical 
neurosurgical papers on various subjects will be presented, Dr. Russell Meyers, pre- 
siding. 


AMERICAN NEUROLOGICAL ASSOCIATION 


At the 82nd annual meeting of the American Neurological Association held in 
Atlantic City, New Jersey on June 17-19, 1957, the following officers were elected 
for the coming year: President, Israel S. Wechsler; President-Elect, Bernard J. 
Alpers; Ist Vice-President, Russell N. DeJong; 2nd Vice-President, Bronson S. Ray; 
Secretary-Treasurer, Charles Rupp; Assistant Secretary, William F. Caveness. 

The 83rd annual meeting of the Association will be held at the Claridge Hotel, 
Atlantic City, June 16-18, 1958. 


ASSOCIATION FOR RESEARCH IN NERVOUS AND MENTAL DISEASE 


The annual meeting of the Association for Research in Nervous and Mental 
Disease will be held on December 13 and 14, 1957 at the Hotel Roosevelt, New 
York City. The subject of the meeting will be “The Effect of Pharmacologic Agents 
on the Nervous System.” 


BRAZILIAN NEUROSURGICAL SOCIETY 


The first meeting of the newly formed Brazilian Neurosurgical Society will be 
held in Sao Paulo, Brazil on December 14, 1957. The President is Dr. José Ribe of 
Portugal, and the Secretary is Dr. José Geraldo Albernaz. 


HOUSTON NEUROLOGICAL SOCIETY 


The Houston Neurological Society, Houston, Texas, announces a symposium on 
“Pathogenesis and Treatment of Parkinsonism” to be held on March 13, 1958 as 
part of its Sixth Annual Scientific Session. Participants will include: Dr. Malcolm 
Carpenter, New York City; Dr. Harry Kaplan, Brooklyn; Dr. Arthur Ward, 
Seattle; Dr. Robert Schwab, Boston; Dr. Russell Meyers, lowa City; Dr. Paul Bucy, 
Chicago; Dr. Irving Cooper, New York City and Dr. A. Earl Walker, Baltimore. 


INTERNATIONAL CONGRESS OF NEUROLOGICAL SURGERY 


At the International Congress of Neurological Surgery held in Brussels, Belgium, 
from July 21 to 27, 1957, the Executive Committee composed of delegates from each 
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of the member societies met. The Constitution which had been circulated earlier was 
adopted with the following changes: 

The name of the organization was changed to “World Federation of Neurosurgical 
Societies,” and the section on representation was adopted tentatively with the un- 
derstanding that this matter would be reconsidered at the next Congress but that 
any proposed changes from the present Constitution must be submitted to all of the 
member societies twelve months in advance of the next meeting. 

The Executive Committee chose the United States as the place for the next In- 
ternational Congress of Neurological Surgery, with the understanding that the 
meeting would be held on the Atlantic seaboard in the month of October in 1961. 

The following officers of the World Federation of Neurosurgical Societies were 
elected: President, Paul C. Bucy, Chicago; Vice-President, E. H. Botterell, Toronto; 
Secretary-General, Bronson S. Ray, New York; Assistant Secretary-General, Wil- 
liam B. Scoville, Hartford, Conn.; Treasurer, Barnes Woodhall, Durham, N. C.; 
Assistant Treasurer, Wallace B. Hamby, Buffalo, N. Y.; and Editor of Transactions, 
David L. Reeves, Santa Barbara, Calif. 

These officers constitute the Administrative Council of the Federation and are 
charged with the responsibility of arranging for the International Congress of 
Neurological Surgery to be held in 1961. The exact time and place for the Congress 
will be selected by the Administrative Council and announced in the near future. 


WESTERN NEUROSURGICAL SOCIETY 


The Western Neurosurgical Society, which was founded on February 25, 1955 
at Pebble Beach, California, held its second regular meeting in Portland, Oregon, 
December 9-11, 1956. The following officers were elected: President-Elect, Frank 
Turnbull; Vice-President, Howard A. Brown; Secretary-Treasurer, H. G. Crockett. 
The third regular meeting will be held at the Holiday Hotel, Reno, Nevada, Sep- 
tember 29 to October 1, 1957. 


MEETINGS 


AMERICAN ACADEMY OF NEUROLOGICAL SuRGERY, The Cloister, Sea Island, Georgia, November 11-13, 
1957. Dr. Eben Alexander, Jr., Bowman Gray School of Medicine, Winston-Salem, N. C., Secretary. 

AMERICAN COLLEGE OF SuRGEONS, Atlantic City, New Jersey, October 14-18, 1957. Neurosurgical ses- 
sions on October 17 and 18. Dr. E. S. Gurdjian, 801 David Whitney Bldg., Detroit 26, Mich. 

AMERICAN NEUROLOGICAL AssocIATION, Claridge Hotel, Atlantic City, New Jersey, June 16-18, 1958. 
Dr. Charles Rupp, 133 South 36th St., Philadelphia 4, Pa., Secretary. 

ASSOCIATION FOR RESEARCH IN NERVOUS AND MENTAL DtsEAseE, Hotel Roosevelt, New York, N. Y., 
December 13-14, 1957. Dr. Rollo J. Masselink, 700 West 168th St., New York 32, N. Y., Secretary. 

BraziLiaN NEUROSURGICAL Society S4o Paulo, Brazil, December 14, 1957. Dr. José Geraldo Albernaz, 
Secretary. 

ConGREss OF NEUROLOGICAL SuRGEONS, Statler Hotel, Washington, D. C., November 7-9, 1957. Dr. 
Philip D. Gordy, Suite B-1, Professional Bldg., Wilmington, Del., Secretary. 

Harvey Cusnine Society, Mayflower Hotel, Washington, D. C., April 21-23, 1958. Dr. David L. 
Reeves, 316 West Junipero St., Santa Barbara, Calif., Secretary. 

NEUROSURGICAL Society OF AMERICA, Key Biscayne, Florida, January 15-18, 1958. Dr. Frank P. Smith, 
260 Crittenden Blvd., Rochester 20, N. Y., Secretary. 

Pan-Pactric SureicaL Association, Honolulu, Hawaii, November 14-22, 1957. Dr. F. J. Pinkerton, 
Room 230, Young Building, Honolulu, Hawaii, Director General. 

WEsTERN NEvUROSURGICAL SoctEty, Holiday Hotel, Reno, Nevada, September 29—October 1, 1957. Dr. 
H. G. Crockett, 511 South Bonnie Brae St., Los Angeles 57, Calif., Secretary. 
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JOURNAL OF NEUROSURGERY 


The Journal of Neurosurgery is devoted to the publication of work relating primarily 
to neurosurgery, including studies in clinical neurophysiology, organic neurology, 
ophthalmology, radiology and pathology. Short articles on unusual cases and on 
technique, special instruments or equipment that might be useful to others in the 
field are also acceptable. 


MANUSCRIPTS are accepted with the understanding that they are contributed solely 
for publication in this Journal. They should be addressed to Dr. Louise Eisenhardt, 
333 Cedar Street, New Haven 11, Connecticut, U.S.A. They should be typewritten 
in double space, with tabular matter and passages for small print on separate sheets. 
All materials should be mailed flat. 


REFERENCES should be arranged alphabetically and cited by superior numerals in 
the text. The following order should be used: 


Articles: Name of author, full title of article, name of periodical, year, volume, first 
and last page of article. Abbreviations of names of periodicals should conform to the 
style used in World list of scientific periodicals published in the years 1900-1950 (Lon- 
don: Butterworths Scientific Publications, 1952). 


Books: Name of author, full title of book, city, publisher, year, edition, full pagina- 
tion (if book is in more than one volume, give the number of volumes). 


ILLUSTRATIONS. Care should be taken not to use too many illustrations. All figures 
approved by the Editorial Board are provided free of charge with the exception of 
color plates which are inserted at the expense of the contributor. Permission must be 
obtained from the subject for reproduction of identifiable photographs of patients. 
If illustrations are larger than 8.511 inches, reduced glossy prints should be sub- 
mitted instead. Any lettering should be large enough to permit necessary reduction. 
Paper clips should not be used on prints. A hard pencil should not be used in writing 
on the back of prints. Illustrations should be numbered and the top plainly indi- 
cated. Illustrations should be submitted UNMOUNTED. 


SPECIAL TYPOGRAPHY. Tables and also text set up in small print in excess of 10 per 
cent of composition costs are charged to the author. 


PROOF CORRECTIONS will be allowed without charge up to 5 per cent of the original 
cost of composition. The cost of changes in page proof, if made by the author, will 
be borne by him. Page proof will be submitted to authors only when special questions 
arise. 


REPRINTS. The Journal supplies 50 offprints free to the senior author of each article. 
Additional offprints and reprints may be purchased according to a schedule of prices 
that accompanies galley proof. 


suBscriPTions. The subscription rate for the volume of six bi-monthly issues is 
$11.00 in the United States and Pan-American Union; $11.50 in Canada; $12.00 in 
other countries. Single copies are $2.00 postpaid. Single copies of Volume VIII, 
Number 1, January 1951 issue: A Symposium on Intracranial Vascular Abnormal- 
ities: $3.00 postpaid, if available. Volume I, Number 1 is supplied only on orders 
for the complete volume. Payments may be made in advance to Charles C Thomas 
Publisher, 301-327 East Lawrence Avenue, Springfield. Illinois, U.S.A. 
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